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PREFACE

In accordance with the Agreement on Scientific Cooperation

Between the National Academy of Sciences (NAS) and the Academy of

Sciences (ASUSSR), the "Workshop on the Mechanics of Ice and Its

Applications" was held in Moscow and Leningrad, USSR from June

16-26, 1991. Dr. Wilford F. Weeks, a member of the National

Academy of Engineering and a professor at University of Alaska at

Fairbanks served as the American chair. Upon the completion of

the workshop, the NAS requested comments from Dr. Weeks on the

quality of the program and the state of the scientific field.

The following is a summary of his report based on his own

personal observations. Though Dr. Weeks has incorporated

information included in trip reports from individual

participants, the views expressed herein are those of Dr. Weeks

only and do not necessarily represent the views of the individual

participants or sponsoring organizations.

The NAS expresses its appreciation to the Academy of

Sciences of the USSR (now the Russian Academy of Sciences) for

its support in organizing the workshop. Special thanks are owed

to Drs. R.V. Goldstein, V.I. Danilenko, and N.M. Osipenko

(Institute for Problems in Mechanics, ASUSSR, Moscow) and their

respective colleagues. Financial support from the U.S. Army

Research office, the John D. and Catherine T. MacArthur

Foundation, the National Science Foundation and the Office of

Naval Research* is also gratefully acknowledged.

*This work relates to Department of Navy Grant N00014-91-J-4134

issued by the Office of Naval Research. The United States

Government has a royalty-free license throughout the world in all

copyrightable material contained herein.
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The United States and the former Soviet Unicn have stron cg interests

in obtaining a better understanding of the behavicr of ice at all scales. In
pr, Ilussia and the United States have vast resources in the North, notably

off the shelves of Alaska and Siberia. In order to safely and eomnical1y
exploit these resacrce, both onmtIls require an in-depth understanding of the
MOvemnt of the ice cover, the forces which moving ice can exert against bottom
founded structures, and the ice resistance on vessels used to transport these
-reSa to market.

Unfortunately, because of funding and personnel cxon tairnt, American

prograss in ice mechanics and engineering has been limited. In the opinion of the
American delegation duair, Dr. Wilford Weeks, this 1991 Soviet-American Ice
Meihanics Workshop demonstrated that considerable benefit can be gained by the

United States and the former Soviet Union through collaboration in research
pongr•as and excange of technical information. 7he United States can certainly

benefit from the st -xrg analytical skills of its c -mterpcs in the former Soviet
Union and the exprience they have gained in successfully operating in northern
rivers and along the Northern Sea Route. 7he scientists in the former Soviet
Union can equally benefit from the application of American equ*dp and cczputer
technology in solving ice engineering problem. In short, while resources are

limited in the field of ice mechanics, the capabilities of the United States and
the former Soviet Union complement each other well. An effort should be made so
that these countries may work together in this area.

The goal of the Ice Mechanics Workshop was to facilitate the exchange of
tsnical information between the United States and the Soviet Union. Althoug

specialists in both cx=utries had made great efforts to keep abreast of each

other's achievements, the exchange of ice technology between the two cotmtries
could be characterized as poor. This was primarily due to language barriers and
cxautraints on cammmication and distribution of literature. Often, several years

went by before American specialists learned of a significant discovery made by

their Soviet comterparts.

The participants at the warkshop addressed a nuber of themes, ranging from
the behavior of ice at the microscale to the large-scale dynamics of the polar
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pack. The participants discussed both lomg-range researdc items and short-term

a0lied ice engineering practi~c. The diversity of the workdstp reflected the

varied ba*dround of the delegates.

1. Mechanical EPoerties of Ice: A number of papers were presented dealingJ

with the mechanical properties of ice, including uniaxial compression and

tension, and confined compression, bending, and fracture toughness. Data
on the mecanical properties of ice were conidered. Alditionally, testing
tidiniqce and documwntation of appropriate ice properties were adressed.

2. Ice Mamicand mmrcsses: Large-scale ice dynamics and processes re
considered including the acquisition and application of satellite imagery;
large-scale properties of the ice cover such as floe size and lead patterns;

pressure ridge processes and models; ice stress -r t; bearing
capacity of ice sheets; mcanical profile properties; and sea ice dynamics

models which describe and predict the overall behavior of the ice cover.

3. Ice-strucbure interaction: Ice forces on offshore structures were

reviewed. Presentations were given on practices employed in the United
States to derive ice design criteria. Specific topics included the
determination of local, global, and impact ice loads. The results of model
basin ice indentation tests were also presented and discussed.

4. M2&Ltn JO behavior: Considerable attention was focused on modeling

ice behavior at saall scales. Constitutive models were presented which
describe the behavior of ice during creep and brittle fracture for both

polycrystalline ice and single ice crystals.

5. ereives on ice mechanics and engineerinM : All of the participants
from both the United States and the Soviet Union obtained an interesting and
cc reesive perspective on ice mechanics and engineering not only in their
respective countries, but in the world. whe American delegation, drawn from

academia, govenuenit laboxr-atories, aid industry, included the top
researdcrs in ice mechanics in the country. Through formal presentations,
panel discussions, and informal gatherings, the participants acquired a
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greater awamrenes of the state of the art, and oained a ommumsu on the

iuportant prvblm.

6. Bcation and trainiM of ice eMineers: Inclusion of rpet tativm

from acadaemia and industry permitted fruitful disamsias on the education

and training of ice engineers. Vpics included the present demand for ice

engineers and the adequacy of the training whih potent•il engineers and

scintitswill need to receive to Iae the future dsof industry and

IX. GUMML OF_ __ ___ __ __ ___ __ _

[In this report, sc= information is included that is based upon disacssicn

between the American delegation dcair Dr. Wilford Weeks and Dr. Anatoly Frolov,

an expert on permafrost. Dr. Weeks met Dr. Frolov in the late 1970's when he was

a visiting scientist at tUA Cold Regions Research and Engineering Laboratory

(CRi) in Hanaver, New Hanpshire. Just prior to the meeting in the Soviet Unim,

Dr. Frolov was hosted for three weeks by Dr. Weeks in Fairbanks, Alaska. Later,

uhile Dr. Weeks was in the Soviet Union, he had the opportunity to visit with Dr.

Frolov on two different occasios. ]

The National Academy of Sciences (NAS) - Acadmy of Scietces of the UW

(ASUSSR) Workshop on Ice Yedianics was odxvte in the Soviet Union in June 16-

26, 1991. Preparations for this workshop were initiated when the A suggested

that a workshop on this topic be included in the larger program of bilateral

activities on tedmical topics sponsored by the two acadmies. These activities

were to be carried out within the framework of the Wocrksho provision (Article

III) of the Agreement on Scientific peration Betwe the National Academy of

Sciences of the USA and the Academy of Sciences of the US signed January 12,

1988. lhe interacan Protocol of January 31, 1990 called for this specific

The meeting offered a rare opportunity to gain insights into a research area

in which the Soviets, historically, have had a strong presence and in which there

has been little interaction between American and Soviet specialists. (There are
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interesting reason behind this pattern uhich will be discussed in a later section

of this report.)

7he subject of ice ... hanics is quite broad, eroceassing the mechanical

behavior of glacier, lake and sea ice. The Soviet Union possessed strong research

progrpi in all chess subjects for years, with the total number of scientists and

eilers -mvolved far exceeding its equivalent number in the West. mw reason

for the Soviet interect in these fields is clear: the USR had significant applied

problems in the snow and ice area. This country also had extensive experierc in

effectively alleviating a large number of suixt problem. The amount of contact

betwen Soviet and Western scientists in the different sub-areas of ice mechanics

has been quite varied, with contacts in the area of glaciers and large ice sheets

ard shelves being reasonably commn. This area of ice mechanics was largely

carried Out within the Department of Geography of the AS.S¶M (now, the Russian

Academy of Sciences). Its focus was generally pure science with little immediate

application. (Recently tixxigh, the climatic aspects of ice cores have achieved

comsiderable interest within the world climate cummunity). It should also be

noted that nuxh of this work was focused on the Antarctic.

Soviet researchers in other aspects of ice mechanics, and those active in

sea ice studies in particular, have had coniderably less contact with the West.

In fact, over a 36-year period, Dr. Weeks has had the cowrtmity to meet only

three or four Soviet ice mechanics specialists. This isolation has been

particularly true for scientists fro the largest organization active in Soviet

sea ice researct,, the Arctic and Antarctic Research Institute (AARI) in st.

Pet• •urrg. Similar remarks, however, might be cr xxrning other smaller

groups that carry out programs in lake and river ice research.

Rhy is this the case? In the sea ice field, the answr appears to be

obvious. Groups that have a thcrough understanding of sea ice mechanics have a

definite advantage in analyzing certain scientific problems related to climate

change in the polar regions. More iqxotantly, umderstading sea ice mechanics

is necessary to understanding the effects of ice forces on offshore stnrctures -

a problem that is essential to the safe develqzant of the large oil and gas

reserves that are presumed to lie beneath the pack ice on the ocxtinental shelf
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of the Arctic Ocean. (The former Soviet Union's continental shelf is the largest

in the world. Its potential for major oil and gas production is believed to be

awtremly high.) Of particular interest here is the Northern Sea Route, a

critical supply line to ports in the northern parts of the former Soviet union.

Since this route transits the margins of the Arctic Ocean, ice is a major problem

during mu-rt of the resupply season (This activity has developed into an almost

year-aroud operation over the past few years.)

Even m-re Piortant, however, is the fact that the urderstanding of sea ice

properties and behavior was very important to the submarine arm of the Soviet

Navy. In recent years the Soviet Navy developed a unique strategy (the so-called

Arctic Bastion Strategy) concerning the deployment of their missile-launchirg

submarines (SSBNs). Descriptions of the general aspects of the Soviet bastion
strategy have recently been published in journals such as Jane. In anordane

with the Arctic Bastion Strategy, the Soviets deployed their SSBNs underneath the

pack ice, where once on station, they ware able to reduce their noise-making

activities. Becoming essentially invisible in acoustical terms, the SSaEs would

wait for a message to launch their missiles. If so instructed, they would only
have to move to the nearest open lead to launch their missiles. It should also

be noted that sea ice lessens the effectiveness of almost every type of

anti-s*uarine system. .hus, locating msbmarines that are deployed according to
this strategy becomes very difficult.

Perhaps the most important consideration when discussing Soviet ice

mechanics research is that the Soviets viewed the ice covered seas to their north

as an integral part of their territory. 7his is the so-called pie theory of the

Arctic, with the very large Soviet part of the pie extending all the way to the

North Pole. Thus, when one starts discussing arctic sea ice research, one is

indirectly dealing with capabilities that in the Soviet view related to vital

econmic routes, problems of naval security, and territorial prerogatives. Since

the Soviets viewed their capabilities in the arctic seas to be superior to those

of the Western countries, they were not eager in the past to undertake joint

research in fields such as ice mechanics. 7he Soviet scientists working in these

fields were rarely allowed to attend scientific meetings outside the USSR, nor to

develop cooperative programs. Owerefore, the Soviets' list of suggested topics
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for this workshop ceated an uncharacteristic cxrtunity to discuss subjects t-at
arm directly applicable to ships operatirn in ice, to natural anical processes

in sea ice covers such as ridge and rubble formation, to ice forces on offshore
struc0VI s, to tedmiques for modelirq ice behavior, and to more fundamental

aspects of the def-nuatin and fracture of ice.

sam of the Soviet workshop participants contributed to this unusual

Fa. Jr instance, Dr. G. A. Tabedev's group from AARI is known to be
heavily involved in aspects of the geophysics of sea ice that were of direct

applicability to the problems of the Soviet submarine fleet. (Dr. Lebedev is the

successor to Dr. V. V. Bcgorcdski -ho died of a heart attack a few years ago.

Dr. Bogaodski was an extremely prolific, high quality scientist who contributed

to acoustic, remote sensing, ice property and ice penetration research. Members

of his group suut as Dr. V. P. Gavrilo are outstanding.) Although Dr. Lebedev

himelf is not as well krown as the other members (to date he has not published

as extensively), he nevertheless appears to be quite capable. During the
winesho, he was present whenever policy matters were discussed, raised

interesting points during the discussions, aid expressed much interest in joint

research programs.

Two of the other Soviet groups which participated in the workshop also had

obvious ties to the Soviet navy: the Krylov Ship Peseardh Institute (with its

extensive model basins) and the Lenngrad State University of Ocean Tediorlogy

(which trains naval architects and engineers - manrry of tum eventually work on or

with submarines). These topics will be addressed in further detail later in this

reprt.

mI. m1__ __ __ __ __ __ _

During the Ice Mechanics Workshop, four days were strictly devoted to
presentaticns. 'he American presentations were quite varied with heavy eaphasis

on experimental and numerical xodeling. Iuportancs was placed on real-world

d-ervatiom and real problems - not surprising in that the U.S. delegation

contained several scientists frcn oil cczpanies, as well as contractors, who had

experience with offshore operations. In contrast, the Soviet presentations were
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guwrafly heavy on theory and analytical procedures. Cosequently, many of the
a~ru hes appeared to be somewhat unrealistic, especially when closed-form

solutiros were offered. (Tzis was commonly acomplished by setting up problems

that were artificial from the start.) Given limited computing capabilities and

the fact that the Soviets have historically been leaders in finding such

closed-form solutions, many of the Soviet authors appeared to be reluctant to

ccmisder actual field conditions. Moreover, the expertise of the Institute of

INc"ianical Problems (IW) of the ASUSSR (rnw, the Russian Academy of Sciences) lies

with theory. The result was that sme of the Soviet ice dynamic presentations

used approaches that already had been tried and dispensed with in the West.

At the meeting, communications were sometimes strained given the difficult
job of interpretirn. Interstingly, whereas met of the American participants did

not speak Russian, a few of the Soviets spoke excellent Rklish and many of them
a-eared to have sme understarding of the language.

IV. OOON __ Cn_ _ _ __ _ __IT__

At the start of the meeting, Dr. K. V. Frolov, vice president of the AaS
(currently a vice president of the Rmssian Academy of Sciences), stressed that it
was inportant to form a permanent US/USS committee on the subject of ice

medianics and climte. He felt that this was a subject of importance to both

countries that required significant additional researct. He hoped this permanent

cxmnittee would develop a system of projects and grants in a manner similar to
that of the Soviet-Swedish joint program. He affied that ice mechanics research

needed inproved visibility and financing even in the Soviet Union. As an aside,

Dr. Frolov suggested to Dr. Weeks that a letter be written to the National Academy
of Sciences and to the National Science Foundation about these opportunities, and

that a copy of any such letter be given to him.

On the second day of the workshop, several of the American participants were

called into a short meeting in the Office of the Director of IW concerning the
writirg and signing of a joint memorandu. In this meeting, and in the memrardum

meetings that followed, Dr. Igor Vasiljev, who appeared to have ccnsiderable

experience with such arrangements, represented the Soviet delegation and
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Er. Goldstein the American delegation. Although the American workshop

pi stressed that they did not have the authority to make o imiets on

behalf of the NAS or any U.S. goverraent o-g4iaticn, the Soviets thought that
this memrrdin was still most inportant. (See Appendix.)

It was agreed, bhcmever, that cooperative work was in ererycne's best

interest and that everything possible that could be done to support this

initiative should be done. 7he representatives of the oil and gas coopanies at
the meeting were very positive and gave striong support to such a ammor-n.
moreover, they stated that they would be able to provide at least Partial

financial support for the activities of the proposed ooiuittee, thich wold be

cuposed of five scientists from eah country. ¶he exqperienoe co•ld be

illwtinating for both sides.

V. a= VISM•

Zkylov 211 Research Institute
Fmvded in 1894, Krylov is extremly large in size and scope. Evident by

the variety of models of warships on display, this institute did considerable work

for the Soviet Navy. Its projects vary widely and deal with =Iieling, nuclear

paiwersi ships, deep-sea submersibles, hydrofoils, and hovercraft. The institute

also works for foreign firms and is interested in acquiring additional foreign

business. Moreover, Krylov offers short-term seminars (2-3 days) on specific

subjects and is oonsiderirg ming these lessons available to foreigners. In

addition, it appears that the institute coducts investigaticrs that contribute

to specific ship designs, but does not do the actual designs itself. Similarly,

Krylov cmVIucts investigationr of materials, though it does not develop new

materials. Krylov's staff includes 60 Ph.D.s and ately 500 D.Sc.s.

Thogh the NAS delegation toured sme open water basins and Krylov's ice

tank, only the latter will be disczssed. The head of the ice model basin,

Dr. Valery Belyashov, gave the primary presentation. Acco~rding to Dr. Belyashav,
the institute uses saline ice to sinulate natural sea ice, and recently has been
focusing on problems relating to propeller design for icebreakers. The Soviet

presentations on this subject were very izpressive and the analysis very

s sicated. 7he American group was not aware of similar work on propellers

being undertaken in the West. Mhe facility itself was in good shape and was being
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ext.arively used. However, it should be noted that the data logging equipnt

ai;earI to be old and outdated by P•.romately 20 years.

It would be very interesting for Western industry to give Krylov a emall

testing contract to see how easy it would be to work together. There my be

prodlem with secrecy, as this was the one laboratozy were pictures were not

allowed to be taken. If a decision relates to the collection of data in

insuitive areas (such as the seas north of the Russian mainland), Dr. Nikolay P.

Laverov should be addressed. Dr. Laverov served on the Cabinet of Ministers of

the USSR and the State Qomuittee on Science and Technology of the USSR. At the

time of this workshop, he was also the Chair of the Commission on Arctic Problerm

of the Academy of Sciences of the LSS. Acoording to Dr. Frolov,

Dr. Laverov is the senior official who clearly has the authority to make such

decisions. As a geologist, Dr. laverov can und•rstand the technical issue

involved in such projects. In this case, the difficulty is in trying to Imet with

such a highly placed individual.

In the future, a serious atteapt should be made to develop a significant

joint program with Krylov. The institute has both the data and the experience.
The Krylov scientists would seem to welcame a program suh as this, and the
American scientists would learn much in this area. The ooeration would not be

easy to arrange, but it certainly could be worth the effort. However, m care

wald clearly have to be taken to minimize the cncerns of all parties.

Lenirgod State University of Ocean TeMdhrloQy

This university trained moist of the Soviet naval ardcitects and engineers.
The Rector of the University gave a fascinating talk regarding his institution.

lhe university has specialists in five main areas:

1) general studies (math, physics, materials, chemistry),

2) O.hpbul Iirq/ocean enginering,

3) machinery,
4) e tIc. (the largest group),

5) management and eo9ics.
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Its budget is about 30 million rubles, of whidh to-thirds o res r the

state. The outside fuding of 10 million rubles cs frcs the military (10%) and

from industry (90%). (Host of this xWy is not for science.) Reetly, the

msport for basic research has been drying up. 7he university used to have,

roughly stated, 3 million rubles for basic research, but now has only ome-tenth

of that amot. The rector also expressed cone about losing the best of the

university's staff members. (The university currently has 50 dcairs, 78 full

rofessr- s (D.Sc.) and 300 Candidates of Sciene. ]

Having foreseen these financial difficulties, the university cut its student

body from 1225 per year to 750 per year. At present, the ititution graduates

only about 500 students per year. A large percentage of its graduates in the past

went to work designng and building submarines, but now that the demard for this

is low, there is no need for as many graduates. lbe rector stated, "We would

design one and they would build one or two of them, and the next thing you know
they wanted another design. Mhat took a lot of people. However two to three

years ago, the order book for new submarines went to zero; thus, we figured that

the demand for our graduates would be less and we started cutting back." 7e

university has now started its own enterprise by prodiuing items invented by
faculty mmbers. The rector appeared to be rather pleased with these activities

which were showing considerable promise and profit.

The rector apeared to be very interested in developing cooperative work

with U.S. universities and capanies. Presently, the university has a progr

urderway Ath Wcester Polytechnic Institute in Massacdwstts (WPI). In this

progrm, UWPI sends students in the social sciences and languages to Lningrad

State tniversity, which, in turn, uses the hard currency obtained frau this

excancre to su;4ort its science and engineering professors when they pend

saltaticals at WPI. Clearly, the rector wants his staff to go abroad to boaden

their interests and to increase their knowledge of the latest technology. On the

other hand, he does not want lose all of his best people. He feels that the

university is in a crisis situation at present, and that it will be difficult both

to survive and to maintain high standards. His vision of the university's

research emphasis during the next 5 years is as follaws:
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1) materials (Special steals for reactor., ingroved squip..nt and
tediwlag for nuc.lear staticos to enhaem their reliability, materials

with hape me y),
2) mo4 of yoeesses [7he university needs better cxiputer facilities
and better and mor specialized software.],
3) for acomtis,
4) gsoty~im (studies at 0.1 to 0.2 Hz) [Ihis wk was aswarte for the

military, but is now believed to have soe important civilian
applicaticris. ],

5) propusion (with eqpiasis on re&=in noise),
6) rm power sysetms utiliziag hydrogen,
7) eleo- I [Wughly one-third of the university is focmsed on this at
present.]

Frcm this list of research topics, it is clear that the university was still

pror ind sigrdficant work for the Soviet Navy.

After the rector's presentation, the INAS delegation graip was given a

facilities tour by Professor L. I. Slepian.

Arctic and Antarctic Research Institute (AARI)

7his 70-year old institute with a staff of 2,000 runs six ships, several

Antarctic research staticos, and one to two drift stations in the Arctic Ocean.
(It is housed in a relatively now building of at least ten stories.) The

American de tio foud AARI, which belongs to the Hydr•m•ter•ological

(Gidraneteorolzdat) Ministry, ý:o be quite different from the universities and the

institutes of the Academy of Sciences. Dr. Y. E. Nikiforov, Assistant Director

of AARU (imself a theoretician who w•r•,r- in nmerical modleling) and Dr. Sergy

Karpekin, Deputy Director of AARI, addressed the delegation. Dr. Nikiforov stated

that the Soviets know American results better than the American scientists knew

the Soviet results. He also suggested that Soviet wo=k (presumably in ian

dyimics modeling) was better than the American work.

AARI's principal interests arz i'-* as a material and the physical and

anical properties and dynamics of natural ice covers. Research areas of

particular interest to the institute also inlude the remte sesing of ice

covrrs, relations between the structural and ele -rI z gntc properties of ice,
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and the influence of ice on engineering structures including ships. (ARi wrks

Cl03ely with the Northern Sea Imte Adtinistration.) In general, the institute's
remayrdh approaces are similar to those of the West. 7hl split betmen
laboratory ard field studies is ro:ghly 50/50, but 8S% of the furding oes to
field prograw because of the high cost of logistics.

Dr. Nikiforom anered a number of questions that were posed to him by the

NAS delegation. An interesting enxhange took place and is sumarized as follow:

Q: Is M interested in infamation 6fbe1m5J6?

A: Yes, but such exdhanges mist be specified in a joint agreemat. AARI has

similar bureaucratic problems to organizations in the U.S.

Q: Isnthe fact that MDIbelong. to the Hydram~eoro-logicel inistry inortant?
A: Yes. To deal with AAMI, it is probably necessary to sign a separate

agrement with the Ministry. Without this step, it is dmtful that AARI
would receive the fnding necessary to honr the agreeimnt. [It was implied
that an agreement with the ASWS did not carry much weight with

Gi r teorolzdat. ]
Q: Would you consider imaertaking a joint research rc-gr m an ice fractue wd

acoustic noise?

A: No.
Q: Do you have detailed information an sea ice conditions in the Soviet sms?

A: Yes. However, we cannot release such inforuation to you withoat specific

permission fron our Ministry.
Q: Dwring recent years AM has commonly operated two drifting stations in the

Arctic Basin. At present, only one station is operating. Do you plan to

operate om of two stations in the future?

A: We have cut back to one station because of funding limitations. phis left

the opportunity for AARI to return to two stations when it can afford it. ]
Q: Recently there have been several papers published in the Western literature

which have ammined the extent of the arctic ice pack to ee if there are
any temporal trens that could be associated with a greenouse effect.

Based on y eatensive e -periene, have you discovered any systematic

decrease in overall sea ice extent in the Arctic?

A: No. However, the variations from location to location and from year to year
are very large.

12



Qs 1rsais easier, Joint work in tO Izotio ar in the Anmzati?

A: Joint work in the Antarctic is much easier. [In fact, a joint U.S. /U.S.S.R.
drift station is planne for the Weddell Sea during 1992. Recently, NSF has

signed a cooperative agremnt with the Soviets for Wk in mw and ice
engineering related to the operation of stations in the Antarctic. this

should be contrasted with the fact that U.S. scientific parties, which were
planning to utilize a Soviet icebeaker cxuise from Mimzuk to the Bering

Strait via the North Pole, have been informed that no science can be carried
out on the cruise. Mhis is despite the fact that the cruise was a Soviet

initiative with a ticket price of roughly $20,000 for each U.S. investigator
and that the details of the U.S. science program had been kaxra to the

Soviets for some time.]

Fbllowing this discussion, the NAS delegation toured the AARI ice tank. The
tank, which like Xrylov uses salt ice to simulate sea ice, is only two years old.

It is the successor to AARI's original tank (which was apparently the first ice
tank in the world). 7he tank dimensions are 40 meters by 5 meters by 2 to 7
meters (in depth). 7be Soviets can freeze the ice at two different rates
deperging upon whether they use the cooling coils on the ceiling (slow freezing)
or a covering system whidc provides an air tuperature of roughly -25 degrees C.

nCe the required ice thickness is achieved, the scientists warm the room's
taerature to get the proper values for the ice strength and elastic modulus.

Mxugh Dr. Nikolaev is apparently in drcge of the tank, Dr. Vladimir

n gave the presentations. 7here was no ice in the tank %hen the HAS
d to visited the premises.

Althcugh apparently new, the tank did not appear to be in the best
ccrdition. Dr. Weeks asked about the Soviet experience with using salt. (Western

laboratories have largely discntinued its use because of severe carrcsic
proiblas). 7he Soviets replied that they used special rust-prmof mternals and

therefore did not anticipate such problems. (It was noted, however, that there
was already thick rust present all over the tank.) 7here was an impression that

the Soviets had not used this tank a great deal, and one of the Soviet specialists
contfirmed that they did not have many requests for studies. Czparatively, the
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AM tank did not seem to be as itiressive as the Krylov facility.

7he NAS delegation could have easily spent more time at AARI. There was

nfrtunately no qcyortunity for a visit to the ice re=vnaissanoe group that is

located on the eighth floor of AARI. This group has experience operating a sea

ice thickness radar with reportedly very Inrsive results. But even during the

brief visit, sm interesting disUIssiOnS were carried out with Dr. Gavrilo
regardig remote sensing. Dr. Iabedev's group clearly wants to beame involved

in a cooperative ice strutture-ioe properties (electrical and mechanical) remote

sensing program. In fact, Dr. ebed specificaly stated this desire. As a

result, Dr. Weeks plans to propose suc a cooperative program including a joint

field operation. Dr. Weeks maintained that this type of program would not be easy
to arrange even with the best will on both sides, since many people in addition

to the scientists mist approve American-Soviet cooperation in this field. He

added that perhaps this kind of cooperation ould only be aoocuplished in the

Antarctic. Nevertheless, he believes such an initiative sholId be attaeptad.

There is little doubt that AARI is 4here the real experience lies oncernIng

Soviet research in ice struture, ice properties, and ice applications of remote

sensing. In the area of offshore design, the expertise appears to be m

diffuse. This is particularly true as the result of the recent death of

Dr. Sheisin who was AARI's top expert on this subject.

ULjMUad State Teghnical Mniversty

Tis university, which has graduated 140,000 engineers, houe several

different institutes and 56 deprtmnts. Its staff includes 7 adanicians and

12 corrmem bers of the Academy, 2,000 teachers, and professors (1,100

Ph.D.s and 250 D.Sc.s). The current student body is ocmposed of 20,000 students

inxludin 1,200 foreign students. mteyone-third of its program is

r" %=ted in the evening. The university largely respnds to the plans of the

Academy of Sciences. In the past, the goverrnuint only requred that the

university prepare students and conduct researdh. Now, in addition to its other

tasks, the university must carry out business operations since it does not receive

adeqate ftndiM fron the State.

Professors hkhinek, Sinakov, Rosen, Sokolov and Bogolov gave presentationw

to the WAS delegation that were largely focused on theoretical considerations.
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Professor 4 stated, Now mathematics is the best in the world and we are very

bi to suport with foreign currency. N be latter part of his statemet

is u etionby correct. At present, working scientists get paid 3000-4000

rubles per month, which at the Septemer 1992 exdhanae rate of 215 rubles per

dollar, equals aty $18.60 per mnth.

7he NAS delegation went on to tour some of the laboratory facilities whidh

were generally in the field of ocean engineering and were not that advanced by
Western standards. 7here was no doubt that the professors to whom the NAS

delegation talked were very interested in cooperative work of any type.

Evidently, Russian universities and institutes [that have coe undr the

purview of the AMS=) have been told to make Western contacts and to undwertake

joint program for the purpose of obtaining hard currency. They are trying hard

to do just this in order to pay for their scientists and necessary sujplies. The

transition to a -1re open economy, however, is going to be partioclarly difficalt

for the research community in the former Soviet Uiton. 11re seems to be a c n

Soviet misconception that American scientists are extrmly well furre. 1Men

Dr. Frolov visited University of Alaska at Fairbanks, for example, he initially

seined to think that additional researdc funds could be easily obtained.

Considerable effort was urdertaken to explain the real situation in U.S. science.

He expressed surprise and amazement at the recent reports on Fairbanis' funding

levels and patterns. Dr. frolov and his knowledge of the U.S. science strctur

seems to be the exception. Te vast majority of Soviet scientists whom the NIS

delegation met whdile in the USS appeared to hold umrealistic expectatios of the

possibilities for U.S. support for Soviet science. Cn a similar note, the Soviets

way not understand wbat would be expected of them should they receive such

funding. (This would be especially true if they were to receive funding from

private companies where instant performance is assumed and where caipany engineers

look over their researdsers,' shouilders.)

7he level of output of Soviet scientists was different than the level in the

United States. This was exemplified by visits to large Soviet organizations that
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employ far me scientists in the general area of ice and snow research than are

employed in all U.S. and Szopean institutic omined together. 7he output of

these Soviet grups was mall, and in many coses not as grourxifvaking as it could
be, given the fact that som of the key Isoss in the field we not being

addesed. (Many Soviet papers would not have been approved by peer reviewers in

the West.) However, in the nost recent publications of AARI, there has been a

significant hange. 7he papers have started presenting details with charts,

tabes, graphs and maps. This academic approa-c is an enouraging development.

in their efforts to secure bard currency, the different Soviet organizations

are clearly in head-to-head cmpetition with each other. If one wishes to arrange

a cooperative study with a theoretician or an experimentalist at either a

university or an Academy institute, a few problems would Iost likely arise. 7he

uxnst difficult problem would probably be to obtain funding. (In this area, the

one excepion amn, the institutes that were visited by the NAS wasegaticn was

AARI. This may simply be because AARI is in a government ministry.) Given the
political and military sensitivity of the Arctic Ocean ard its peripheral seas,

the possibilities of joint research is complicated. Another probim is that
ci ts never seem to have the opprtunity to directly discuss the research

ise with the people who have the ultimate decision making authority in these

arew.

It is woth noting that the final sentenos in the second paragraph of the

me k=mu of cooperation is as follows: "It is further sugested that the U.S.

Naticoal Scierce Fbundation and U.S.S.R. Acad•my of Sciences add the subject area

of ice mechanics to its approved list, 'Scientific Problems of the Arctic and the

North' that are considered as agpriate for U.S.-U.S.S.R. cooperation in the

field of Basic Scientific Research." Although it was repeatedly pointed cut that

NSF had removed the restricticon on subjects that could be corsidersi under this

progra, the Soviets were adamant that such a statement be included. They had

evidently found such restrictions to be a hindrance in the past.

The NAS delegation attempted to make the as flexible and as sinple as

possible. It was generally felt that activities carried out under the memo would

be focused and inplemented by small groups of specialists. It was also apparent
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that the Soviets felt that the memo would make it easier for their institutes to

interact with American oil companies. 7he hope was to have the mmo signed by the

time the NAS delegation left the U.S.S.R., but this did not prove to be possible.

Mhe poor naintenance and ca-structicn of the Soviet institutes contributed

to the overall gloomy mood of the Soviets scientists. 7he next few years will

tr•zo~edly be difficult for scientists in the fmmwer Soviet Union. Mutually

dvantageous scientific exchanges and joint research programs would clearly aid

the science ommunity in the former Soviet Unicm. It is the cpinion of the

American delegation chair that, in areas such as ice mechanics where the Soviets

have had so much experience, well designed research collaboration could be very

beneficial scientifically and even cost effective for the United states. Such

joint programs should receive significant suaport. In the future, the return on

these possible U.S. investments cruld be very substantial.
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Each working day the sesions were held in two time blocks. The first block
oocrdin the mrning usually beten 09:30 and 13:00, followed by a lunch

break, with the second block starting at 15:00.

MMI Y. JUNE 17

10:00 - 11:00 Introduction

Speakers: K.V. Frolov, Vice President, ASUSSR

D.M. Klimov, Corresp Ylr Muter, ASUSSR;

Director, Institute for Problem in Mechanics

W.F. Weeks, !mtber U.S. National Academy of Engineering;

Professw of Geophysics, Geqftsical Institute;

University of Alaska at Fairbanks

V.V. Mikhailichenko, Head of Northern Sea 1aute

cdministration, USSR Ministry of Merchant Marine

11:00 - 11:30 Natwtical Modeling of Lwrge-Scale Floating Zoe Notion

Speaker: S.S. Grigorian

U1:30 - 12:00 Interrelations Betummi Grath Conitions, Sea Ice Btructure, and

sea Ioo Properties

Speaker: W.F. Weeks

12:00 - 14:00 Luinch

bSUrICAOL TPI W ICE. DAMVaTIOr m I.

Cairs: S.S. Grigorian and W.F. Weeks

14:00 - 14:30 Defozation and Practure of Ie

Speakers: R.V. Goldstein, V.P. Epifanov, and N.M. Osipenko
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14:30 - 15:00 Fracture Behavior and Sime UEfect

speaker: j. P. Deapey

15:00 - 15:30 Crack Propagation in Ice cover uId the Action of movinq Ni l

Speakers: A.V. Padin, L.I. Sleian, and A.N. Zlatin

15:30 - 16:00 Break

a,.ai: N.S. Sol•cmko and A.D. Kerr

16:00 - 16:30 Modeling the Brittle Compressive Failure of Ice: Pousibilit:es

Speaker: W.A. Nixon

16:30 - 17:00 On the Question of Pysica. Properties of aem ice

Speakers: V.A. Borodklr, V.P. Gavrilo, S.K. Kovalov, G.A. Lebedev, and

V.V. Pasynkov

17:00 - 17:30 Preicon of the dmanical Propertiesof Ueozad First-Year

Sea Ice During the Growth Season
Speaker: G.F.N Cuo.

TUESDAY. XUNE 18
ICE COVE MUCEMlCS

Chairs: L.I. Slepian and D.E. Nevel

09:30 - 10:00 Bearing Capacity of Ice covers Subjected to Static an to
Coillatory Toad

Speaker: A.D. Kerr

10:00 - 10:30 Problems Related to the Static Strength of Ice Cover

Speakers: B.G. Korenev and E.B. Koreneva

10:30 - 11:00 The YMchanics of Pressure Ridge Building from a Wide

Viscoelastic Plate

Speaker: M.D. Coon
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11:00 - 11:30 Break

Chsairs: G.A. IAbedev and G.F.N. Cx

11:30 - 12:00 Nmerical Simulation of the Drift of a Variable 2bi Ize
Cover in the Arctic Oceamn

Speaker: S.A. Kolesov

12:00 - 12:30 Be Ice Dnamic Models

Speaker: R.S. Pritchard

12:30 - 13:00 A Model of Drift-Ice

Speaker: A.V. Marchenko

13:00 - 15:00 Lurx

ICE Icam
C1hairs: N.G. 10hrapaty and R.L. Brown

15:00 - 15:30 The Ice Research Progras and permal l1itim of tba

Krylocv Ship Research Institute

Speaker: V.M. Spakav

15:30 - 16:00 Prozlbilistic Ice Forces

Speaker: D.E. Nevel

16:00 - 16:30 Simulation of Ice ILad n Ship 0H1ll and Off-Shore Strubme
Speakers: (D.E. Ihei;i), V.A. Kurdyumov, and V.A. LikIorvnv.

16:30 - 17:00 Ice Leads an Structures - A Case Btudy

Speaker: A.T. Wang

17:00 - 17:30 The athatical Modeling of Ioe Interaction with Vertical Piles
Speakers: D.G. Matskevitch and K.N. Mkhinek
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Cultural Program

IH[RSDAY. J-UE 20

XI~ I~iMI

hairs: V.M. sakov and M.D. Co

09:30 - 10:00 loe Loads a Off-Shoe Structures (Iznvutigatim of thu

L'udngrad Stat.e Twfml University)

Speakers: G.V. Simakov and K.N. Shkhinek

10:00 - 10:30 DynaMia Ice-Strautre Inatea.tion Durin Indentation Touto

Speaker: D.S. Sodhi

10:30 - 11:00 Study of Ice Ution an Offshore Struobreu

Speaker: N. G. 10hrapaty

11:00 - 11:30 Break

Chairs: G.V. Silakov aud S. Syam-S der

11:30 - 12:00 A Ship In an Io6 Covr U~er Oc Iarssi

Speakers: R.v. Goldstein, V.I. tanilerko, P. Kujala, N.M. Osipenko,

and P. Varsta

12:00 - 12:30 Iceberg Izact Pressure arid -o Dsmgn criteria for limd

Platfacm

Speaker: A. Prodarnovic

12:30 - 13:00 Dynmic Ice-FJoible Strutue Intaina m

Speakers: S.A. Vershinln, A.A. Iliady, and A.B. Below

13:00 - 15:00 Lunch
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I'M Cn ICE: •nn am 7Taun%=

Chairs: R.V. Goldstein and J.P. D•:psey

15:00 - 15:30 WIN tigatica of Ice and Clatbrate -amzo•twstim

Speakers: V.P. Larionov and E.A. Bcndarev

15:30 - 16:00 Nsobanimi Properties of sea Ice: Zaboratcy perimnts

Speaker: J.A. Richter-Meng

16:00 - 16:30 Sam Dent1O ts in 1*A1 Ice Nmbamniaa at C
Speaker: D.M. Cole

16:30 - 17:00 Break

Chairs: S.A. Vershinin and W.A. Nixmn

17:00 - 17:30 Modelling the Constitutive Preperties of Sea Ica single crystals

Speaker: R.L. Brown

17:30 - 18:00 Numerical Moels of Ice Defozawatic

Speaker: S. hyamn-sunder

FRMM. JUNE 21

ICE MO3NICS: VARIO= VOSUB

Chairs: V.P. Larionov and D.S. Sodhi.

09:30 - 10:00 Defouatn1 of Ice Md Influenc of 0=4z• to Surface Rigid

Body

Speakers: V.K. Alexarntrov and A.A. Shmatkova

10:00 - 10:30 Field I -asu tman• of Pack Ice Stresses

Speaker: W.B. Tucker, III

10:30 - 11:00 Ice Island S for Explora Dring

Speaker: D.A. Mirzoev
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11:00 - 11:30 Break

Chairs: K.N. Sthinek and A.T. Wang

11:30 - 12:00 Instability and Self-oganization of Ic. gosts

Speaker: V.L. Nazo

22:00 - 12:30 es. Iee UMoanics in the omtext of Vnited state. Arctic marine

Basic Researzc

Speaker: T.B. OQtin

12:30 - 13:00 Definition of the loadi Regim an Offshe Strucatue froo:

Drzftig Ic Clovers

Speaker: A.T. Dekker

13:00 - 15:00 Lunch

15:00 - 17:00 uication and Placemet of Olid Region agine.

Speakers: J.P. Deupsey, N.G. Ihrapaty, W.A. Niom, K.N.
Malhinek, S. Shyam-Sxuner, G.V. Siiiakov, L.I. Slepian,

and P. Varsta

aOsM r TOwMOM

17:00 - 17:30 Clrw1usion

mUR! , JM 22

Evenirig: Dqparture from Yaca to Lemnirrad by train

SMWM-1= ,, JUN 23-25

Visit to Lenngrad Institutes

"* Arctic and Antarctic Research Institute

"* Krylov Ship Research Institute

"* Imirrad state Tctinical University

"* Lmegrad State Technical University of Ocean Tedhmlogy
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'JL]m JWU 25

EvuniMx: Dqpmrbire frcm Ianingrad by train

Umy.3Oh 26

Day: Deprture frczm the UWS

(Several participants departed via St. Petersbu.)
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Deforming of ice by ccmirq to surface rigid body has been studied. 7

poblem of this kind may a .ear, for exanple, when protecting hydrt.tmical

amtructicns from the influence of an ice cover, because the mechanical

destrtian of ice with the help of rigid shipliftirq pontoon may be cme of the

met•o•ds of protection.

The contact problems for the plates lying on the hydraulical base in the

c-itians of the cylindrical bend are considered. 7he plate is influenced by the

smooth rigid stamp, which is pressed by the farce frcm the side of liquid. 7he

base of the stamp is descrJbd by the equation y=f(x), where f(x) is an even

function. Side by side with the general case partioular exanples are ccmidered:

when f(x)= -c*x, (c>o) is an exact analytical solution of the problem is received,

when f(x)= -c*x solution is received with the help of graphic-analytical

exploration. The method of the solution is written and the program of the

murical realization of the problem is made up for the general case, when f(x)

is an arbitrary even function.

Different kinds of the physical picture of the problem are considered in the

de Ie on changing of the introduced dimensionless parameters, connected with

bedling rigidity of the ice plate, coefficient of the bed of the base, the demsity

of ice, and free-fall acceleration. CQuplete solution is written and restrictions

are imposed on the dimensionless parameters. The limits of changing of the value

of the bjoyant force in the deperdence on dcanging of the physical characteristics

of the ice plate, hydraulically based, and the form of the coming to surface body

are given.

7he next cases of a contact are explored in detail: 1) there is a contact
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betmen the ccminr to srmface body and the ice plate at e section, further

thre is the section of the ice plate, whi has no contact with the hydraulical

base and then the section where the plate is lying on the h*alca1 base; 2)

there is a contact betwean the coming to surface body and the ice plate at sem
finite section and then there is a contact between the plate and the base; 3)
when the section of the contact between the coming to surface body and the plate

is tumng practically into a point.

The expression for the bending mount is written and the =crs-sections
idre the bending mouent achieves the maximn absolute values are shon.

lhe results of the work may be sued for the calculation of the capacity of
pontoon, providing breaking of ice overs. he correspordig axiqymmtric problem
may be sturlied in the same way.
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she designers of offshore ice-resistant structures in ice coverirn seas reed

information not only about the extreme ice forces but about the middle values too.

Also one needs information about the ice force variance during life time for

stnM -- and thmir element reliability analysis.

This problem may be solved by modelling of ice force as a stochastic

process. Investigation of process parameters with the help of physical modelling

is difficult and needs a long time to work. So it is clear to use the

mathematical mode good way. 7he method of statistic modelling theory was used

corsidering the stochastic nature of main parameters dWqe which influen.es

drifting ice cover-structbre interaction. An imitation model of ice force action

in time was developed on the basis of the mathematical model of failure process

at contact surface and statistical data about ice regime parameters in it.

7he proposed model gives an qporturdty to receive the ice force as a

stcastic process or another words with main force characteristics. In the case

of application of a simplified model of ice failure process one can estimate the

ice force distribution, number of cycles and other paraneters as sto&'astic

values.

7he given information may be expressed as histogram of ice parameters

distribution or as time curves of stochastic values with their *probability

daracteristics.
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V.L DWO&AZI, V.P. avmitlo, U.Z. ovalov, G.A. loebedev, and V.V. kmynkov

Arctic and Anstarctic Rarea nstitutO

Spatial orientation of crystallin structures of sea ice dharacterized by the

dee of order of principal optic axis in its azimuth position due to the effect

of currents are widely distributed both in fast and pack ice in polar regions.

laboratory studies and full-scale research of sea ice show that due to permanent

flows under the ice the crystals of f ibrous str %&.1 S aspire to fill a position

at which their principal optic axis beccie parallel to the direction of flow.

As a result, the spatially ordered azimuth orientation of crystals that stipulates

anisotrop of physical prcr~xtion of sea ice is created in ice fields.

7he mechanical characteristics of sea ice sanples, obtained experimentally

by the technique rec-mended by the Ice Committee of International Association for

Hydraulic Research, have been analyzed. A relationship has been fouid between the

ice strergth at uniaxial cumpression and the direction of load application

(structural anisotropy). lse strength of ice with fibrous structure dwaned

within 30% of the maximnum value corresponding to the direction of load application

along the principal optic axis. An analogous depeneme has been oained also

for the rate of distribution of lonitudinal waves in ice sanples.

The experimental studies on electric characteristics of sea ice in the

microwave range have also revealed a considerable anisotropy of specific

atten~ation of electroMagnetic waves and the index of refraction for ice of

different types and age.

The changes in these values dependiig on the turning angle of

electrcagnetic field intensity stress vector relative to the cainating direction

of principal optic axis of oriented crystals are rather cwiderable: they amonut

to 70% and 10% of maximum value respectively.
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2m, a comparative analysis of structurv, physico-mechanical and electrical

daracteristice obtained for the same ice samples allowed ore to be convinced in

rit only close interrelation between the above parameters, but also to give its

tIwntitative est•mation. 7he results obtained gave the grounds to believe that

aniuoty of physical properties is to be taken into acccunt uben solving dpplied

rvblau, particular, when nproving the mthods for nmerical estimation of

interaction farces beten sea ice cover and engineering structures.
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Little is known about the importance of intracystalline deformational

proX e asw compared to intercrystalline proceses for dtrnigthe mechanical

p et of polycrystalline ice. 7his is particularly true for sea ice, since

the presence of brine may have a significant effect on both of these processes.

7his effects are not yet well urderstood.

In order to obtain a better ur•dertading ,f the role of intracrystallire

deformation processes, a study involving both analytical modelling and laboratory

testing was undertaken. First the deformation of single nrosaline ice crystals

Was described in terms of dislocation strains on a discrete set of dislocation

systes involving the basal, prism, and pyramidal planes. Crack damage effects

were not initially included, since only low-to-intermediate strain rates were

c---idered. Calculated results showed realistic material behavior for creep

strains, delayed elastic strains, stress response to prescribed strain rates, and

stress relaxation. For sea ice single crystals an additional defarlation

mecbanism hue to the platelet strcture of sea ice was added to those already

determined for honsaline ice. This additional effect was represented as a coupled

slip process on the basal plane due to the visccus interplatelet slip in the brine

layers separating the platelets and the dislocation strains occurring in the ice

inclusions which connect many of the platelets. Calculated results showed that

this additicnal mechanism can potentially have a significant effect on the

material properties.

A series of ccnstant strain rate tests on single sea ice crystals and

nonoaline single crystals were cumpleted. Mhese tests provided a preliminary
cx•xarison of the properties of these two single crystal materials. The results
showed that uder constant compressive strain rates, the peak stress readhed with

the ncnsaline ice was almost an order of magnitude higher than for the sea ice.

lhe steady flow stress was roughly three times as large. These differences in the
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;r qt: rties of saline andrxi oaline single crystals aerto be larger than for
polyczystafine ice, thereby stVgesting that intracrY&•a•line effects may not be
the prPkidnant processes which determine the properties of polycrystallinu ice,
either nonsaline or saline.

Qiret work involves more detailed testing of single crystals over a

t:IN.eratIre range of -10C to -40'C. These tests should provide a better
.Jerstanding of the deta'mtion d•.is ich determine the properties of sea

ice crystals. Work is also continuing on the analytical odeling, where cre
eive descripticns of the dislocation dynamics are being studied.
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7his talk focuses on t general aspects of e mt ice mechanics that
are crrently undler investigation at the U.S. Army Cold Reions Research and

kuizuerixq laboratory. The first is the response of various types of ice to
fully reversed (i.e. alternating tension--cinpression) uniaxial stresses. The

unique apparatus developed to grip the specimens rigidly in the testing maddie
is described, experlzental results are presented, and the influence of stress,
frequency, terature, and mic:rostructure on the internal friction, and inelastic
strain are examine from a micr:rceanical viewpoint.

dditioally, a newly developed system for performing pulse-echo experienats
on ice at frequenies near 20kHz is presented, along with results obtained on
large ice single crystals. These results are discussed in terms of the proton

r ear ait mechanim of internal friction.
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IK- A WID VISCO AMTIC PLRS

lwwt measurumt of sea ice stress associated with ridge building and
time depedent analysis )f lead ice indicate that a wide plate analysis of young

ice may help determine ridge building forces. 7he forces are important in
large-scale ice dynamics in that they will control the large-scale stress.
'Therefore, they are also of iportance in detemdninq the loads on structure if

the concept of limited driving force is t.

In this paper, the ice in a lead is treated as a linear viscoelastic

material and the apprnpriate bending equations for a uniform thickness plate

load on two edges are developed. 7hese tim-deperIent differential equations

are solved to determine the failure load of the plate for various rates of

loading. 7he results will depend on elastic or viscous properties of the young
lead ice. The aprcpriate properties are those for a plain strain analysis and

the arcpriate properties merge from the analysis. Ttperature variatio
throug the thidcness of the plate is cidered in relation to the manical
pret es. In situ and laboratory experimnts to determine that aJpropriate

uad•aniCal properties are disoussed.

7he failure loads for lead ice are used to examine possible foomrlatios for

large-scale sea ice strength. his strength would be -r.priate for use in

geophysical scale ice dynamics modelling. 7he results are also used to interpret

the maximm time dependent forces which can be tranmtted thrcugh an ice omw.

Mie ae stresses are available to load offshore structures in Arctic waters.
Where apirpriate, measured sea ice stresses and mechanical pr pertie are used

or compared with the calculated values presented in this paper.
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A me~dal has been developed to predict the cxmposite mechanical pr ~rins

of a growing first-year sea ice sheet. The model assmzes a linear t-e-eratue
profile and considers the energy balance at the ice surface, initial salt
entrsaqmt, rine drainage, and suction. ibt•iated salinity profiles are in good
agrewmIt with natural profiles. Although the teiperature and salinity profiles
depend on the tine of year when ice growth is initiated, the resulting brine
,,Iobme and mecanical properties are unique functions of the ice thickness. 7hese
results provide justification for parametrizing the ndanical behavior of pack
ice on the basis of an ice thickness distribution.

The temperature and brine volume profiles are utilized to calculate ice
strength and elastic modulus profiles which characterize the composite mechanical
ropees of the ice sheet. Significant differences are found between the ice

sheet properties calauiated using the composite plate theory developed by Assur,
and the properties calalated from uniform plate theory using average ice
prperties. This is particularly true for thin, young sea ice sheets.
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lhe interests and efforts of federal agencies in Arctic marine basic

rmarin are reviewed. Within this ccntext current and future activities related

to air-ice-oea interaction are discussed. Two sea ice-related initiatives are

described in detail: lead dynamics and sea ice mechanics.

lead dynamics focuses cn local oceanic and atIc--*ieric heat flux pc,

now ice foarmtion, and regional fracture distrihitcr in response to forcing. Sea

ice mechanics ad•resses constitutive relations and fracture mechanics in the scale

range fram a few ermtimetrs to a few kilometers with scale interrelatic s a

primary issue. Both modelling and field oIeervaticms are outlined.
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This workshop presentation will focs on the following tcpics:

- the laboratory scale fracture behavior of sea ice;
- the effects of nicrostructure, tewerature, salinity, and porosity

on the fracture behavior of sea ice;
- the nature of crack nucleaticn, initiation, and r tion in sea

ice;
- specinen size effects: the detemiti of fracture behavior of

sea ice at the structural scales - with the associated tiperature
and salinity gradients - from laboratory scale behavior.

At the laboratory scale, the issue of notch sensitivity and brittleness of
the test failure is used to forecast the necessary specimen size for a material
property initiation toughness; a methodology has been developed suitable for all
test gmczetries. 7he scatter in the fracture toughness values reported in the

literature is partially accounted for by examining the requisite notch acuity or
crack tip sharpness. Ihe mechanics and physics of crack nucleation and
prq agation in sea ice is closely related to the topic of crack growth stability.
Closely related to this subject are conerrn such s: under What c. ditiau (if
at all) does a crack in ice remain atomically sharp, and under what ccxxiiticzu
will blunting take place? If crack-tip blunting occurs, or if blunting does not

co=u but fracture reinitiation requires a larger energy release rate, uhat are
the underlying mecdani mm, and uhat are the 1-st applicable concepts of fracture

Im-anics? Informatio related to the above issues are of 1 inportarKe
to applications involving the fracture of ice and the fracture of quasi-trittle
materials in general.

An exact quantification of the fracture process in sea ice is made difficult
by the coupled interaction of three major factors: polycrystallinity, high
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tmieratur brittlinss, and rate effects. Fl instance, in term of tensile

fracture aand fracture testing, there amear to be t-o otion available:

- upgrade the size of all specimen geometries until the notch

sensitivity and brittleness is such as to em.sre the applicability of

linear elastic fracture mechanics;

- adopt the principls of nonlinear fracture mchanisms and

conentrate an the associated toughns parameters, testing sub-size

The first option will simply rot be viable for certain types of ice and

certain specimen geometries unless ce is to plan large-scale tests. Ccmcerming
the second option, size effects on several fracture parameters and the use of

nonlinear fracture mechanics has already received caniderable attention for

mterials such as cocrete and rock; much work is needed cn this topic for sea

ice.
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A SIP IN WN ICE COVER MUMI cM aION

lesults and preliminary theoretical analysis of model tests ocxued to
study a ship in cafpressive ice are presented. The investigation form a part of
a joint research project between Helsinki University of Tenlogy
(HVT) /Labcratory of Navl Architecture and Marine E&gineerin•g and the LEM Acade•y
of Science/Institute for Problem in Medanics.

7he tests are carried out in the HUr ice model basin. 7he total amiber of

tests is 54 with two ice thikmess and Including tests in level ice, channel,
cotipressive level ice and cxmpressive channel. Towing force, speed and maximal

rive force against port-side are recorded. ¶1* resistance in the
cunqr"ssive channel can be twice as large as resistance in level ice at low speed.

Ewrimental results analysis led to mechanical model of a vertical wall and
ice platen interaction. In a steady regime the interaction zon is divided into
two parts: the region of direct mechanical contact of the wall and ice platen,
and the region mhere the contact takes place only through fracti.e produts.

Un &ing governing equatios for ite-layer material it is derived
relatim for ice pressure on the wall (ship hull) in dependence on ocepressio
level and wall motion speed. 7he results of calculations are in consent with

penrltal data.
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Ice def ati and fracture is comidered as a set of mutually coruated

and e processes in various scales taking into accomt ice structure,

strain rate, and taiperature influenoe. There are discussed mainly results of the

inV8Stigaticuu of 1) deformatio id acoustic emission cevaticn for

u - icradd and 2) fracture in the presence of cracks or cradclike defects.

7here are suggested some hierarchical structural models descibing

inteccrmection 1) maodeformaticn and microfracture parameters and 2)

acrofEactue toughness (and macro hummw resistance) with deforiation

MIarCteristiCse

m eatur-tan rate -elxUnces for ice deformation and fracture

are discussed.

Miere are dem3trated se ways for usin established r it in the

solution of applied problems Including a problem of ice and ice coy interactr

with strucures and icebreakers, and a problem of engineerirn glaciology.
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(Abstract rxt available)
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Early eapirical methods for the determinaticn of the bearing capacity of

floating ice plates that are subjected to static or quasi-static lo of short

duwaticn.

Bearing capacity analyses that utilize the elastic theory of plates.
Analytical failure criteria. Discussion of the governing differential equation

for -nn-geaPous plates. Effect of the naxc--ogm-e -ity of the distribution of
bending stresses, and its effect on the use of the - , stres failure

criterion. Sizplification of the analytical results and their coepariscn with

coI expressions of the empirical methods.

Presentation and discussion of test results on bearing capacity. Upper and

lower bound criteria for engineering applications. Comparison of analytical

results with laboratory and field test data. Cmuents to the deermination of F,,

and a, the failure stress.

Carrying capacity of ice covers subjected to loas of long duration. R. ew
of analytical atteepts. Field and lab findings. Drop of carrying capacity with

progressing time. Discussion of needed analyses. Choice of proper constitutive

relations. Failure criteria.

Bearing capacity of ice covers subjected to oscillatory loads. Ice cover
fatigue. Description of recent tests and presentation of recent test results.
Planned test pr•g for ice cover fatigue and recovery.

Conrlusions and recuendations.
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1. 219 interaction of the ship's hull and the ice is comsidered as a rano

Wooms with a large ri r of rarim values with complex cxrrlation

relaticoships. To oortruct a joint function of the distribution of these vahl

and to obtain thus a function of the ice load distribution appears to be actually

iqposible. MWe dellirq of the interaction can be made by m•ws of the YAIkte

Carlo method.

2. Me modelling of the interaction betwmm the ship's hull and the
offshore strucbre and the ice is carried out acoordirq to the standard scheme:

Raxk ice A model of interaction RandoM ice

conditions (deterministic) loads

As a result of the modelling the distribution functions of load Parameters

are determined.

The realization of this sct, me requires the folladng integral blocks:

- the data base on the ice situation An routs of the ship's mottion or

at the site of the structure to be established;

- realization of the interaction orditions;

- random physical-wecdanical ice properties;

- calculation of the ice load realization;

- aocauzlation of ice load realizaticon and procession of the

distribution functions.
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3. Me follawin major problems can be solved by means of the statistical

modelling of random ice loads:

- to determine the probability of amaing or exceeding the

prescribed level of the loads from the results of modelling (risk
model) ;

- to model field trials of the objects;

- to model the non-uniformity of the loads with large contact zones.

4. To fulfil these goals requires additional models, which are not the

models of the interaction between the ship or structures with the ice.

- a model of the construction failure, for the ships usually a

maximum permissible load, determined by a rigid-plastic model is

assumed;

- a model of the measuring scheme, which includes a coantruction

model with the locations of the sensors and data recording; in most

cases the construction model with the schem of the sesor location

can be represented by a matrix of influence coefficients, and the

realization of the external loads is reduced to the system of

concentrated forces;

- a model of a random form of the edge, whidh can be obtained frxn

the "white noise" by means of the forming filters.

The fulfillment of these objectives will enable one to estimate the

represet:ativeness of the experiments, to interpret the data of field trials in

the designing of new constructions, to model the -querces of the ships and

"off-shore structures" maintenane under ice conditions.
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STUDY OF IcE aMl IN CFI 0E 3 UmT

edewlolent of sea transport ways and exploitation of shelf zone of ice

covered seas caused the o:zuplex problem of design and contruction of offshore
structures including ice-resistant platforms. One of the main problem is

etimation of ice forces on offshore structure. 7hese problems have been studied
91e than twenty years log by divisions of Far Eastern Polytechnic Institute
according to a special program. The min items of this investigations are:

- studying of sea ice proerties as material;

- working cut and basis of yield criteria for sea ice;
- warking out of express methods for definition of yield characteristics of

sea ice;
- theoretical and experlnal study of drifting ice cover-structue

interaction;
- working out of mathematical models ice cover failure processes at

structure •tacwt;
- working out of mathemtical models of dynamic ice-structure interaction;
- working out of methods of physical mdelling of ice-strctre interaction

and technical means for this purposes;
- wwkid out of analysis method for ice force regime definition during ice

cover-structure interaction;

- hunmock action of offshore structures;
- working ut of means and devices for ice cover destruction and decreasing

of ice force.

Mm raw types of ice-resistant structures were proposed an the basis of
investigations and analysis methods of ice forces which are used in designs for
exploration of carbon resources on the Sakhalin shelf.
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Sea ice velocity is determined by balance of forces, such as wind and water

stresses; Cariolis force; currents and tides, caused by the sea level inclination

and forces of the internal interaction of the ice flows with each other and with

the shares. By the term "drift velocity" we understand in this cas, he velocity

of the center of masses of the ensemble of flows, distributed in the elaemnt,

linear diensians of Mich are equal to the grid step.

Mhe air and water stresses can be determiine, if the integral effect of the

boundary layers, which are farmirg above and under the ice, is known.

The maximal hardships at present time by the umerical simulation of the ice

drift are caused by the form of the internal interaction force in the ice cover.

The real ice cover is a complicated formation, containing features of elastic,

viscous, and plastic defoatio.

7he n•tion of the ice cover as a viscous inoxmpressible film is a rather

simple approach. The combination of the momentum balance equation with the

cndition of rsibility allows us to write the equation for the ice

pressure of the Poisson's type.

lhe introduction of a parameter-threshold of ccpc Iness is an essential

pecui]arity of the model. If the meaning of the c-mpactness is lower than this

tr od, the ice flows don't interact and the ice pressure in this point equals

zero. The meaning of the speed divergence by the ccupactness being lower than the

interaction threshold differs from zero.

7he governing equations of the model include also equations of evolution of

the ice cover cc ctness and thickness. They can be written in the form for the
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guaral cpcP-cb-us and the mean ice thickness and in the fdra for the partial

cxbactnimises and thidaeses for the different ice categies.

7h. surface atmosperic pressure fields, initial fields of ccactne and

thickness of the ice are used as initial data for the cal- - tio.

Test of the model was dons for an area of 3000 x 2800 )= atixg the

Arctic Ocean and the Arctic shelf seas. Grid stepiwas equal to 200 km, time step

WM equal to 600 s.

lbe charts of the drift of the autiomatical bxoys were used as a main test

material. 7he drift of the buoys was averaged for the period of 5, 10, 15 days

and for the month.

lbe calculation of the drift direction came true in 94% of the cases. The

mean ratio of calculated and real moduluses of the drift speed was equal to 0.74.

Thle ice thickness redistribution for different ice thickness categories was

simulated for the section of the Arctic ocean the C2ukkdi sea for the three and

five categories, respectively.

lbe fulfilled calculations allow us to tell, that this model, in spite of

its relative simplicity, rather well reflects the main feature of the ice drift

in the Arctic ocean, gives the opportunity to calculate ice thickness

redistribition for the month period even with maximal detalization of the ice

cyer by thickness categories.
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h paper is of a review cbaracter and conoerns to ice ocver static analysis

problem. Ice cover is conidered as a plate on elastic foundation. 7he paper

includes two parts. 7he first cn deals with analysis =h.et problem of the

plates on elastic foundation. The seond part deals with sam special ice over

strenth problems related to a great extent, to experlmntal result analysis.

In the ice cover design infinite plate problem solution including the case

of load distribution along circle surfaces, is of great ipurrtanae. In many cases

the solutions are obtained in closed form in terms of cylindrical and oontikl zxn

funtion.

In the main part of the paper the problems of finite layers of constant

thickness and infinite plates with openings are examined. There is disoussed the

interrelation between -cmpensated loads method and Treffts-Fridericds variational

method, as well as boundary integral equation application. The problen of cracked
plate subjected to a load, distributed along circalar surface is discussed. That

arises from studying the process of infinite plate failure.

The problems of the plates with variable thickness on elastic foundatiom-

are ccsidered in detail. There are obtained the solutions of circular plates of
linearly varyingr thickness, subjected to symetric and antisymetric loading and
complete solution of the similar problem when the thickness varies with the radius
according to the law of 4/3 power. Analysis the plate areas, adjoining to the

susmorts of the structures, it is possible to utilize approximate soluticns
"cxwiderln reactive force, exerted by liquid, as constant. The problems of

circular and annular plates with different laws of variable thickess are
investigated. All above mentioned solutions are obtained in closed form in the
terms of different special functions. In all cases, Green's functicns are

detemined. Considering the influence of elastic foundation, there is utilized
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itamticm method. Briefly the rectangular plates with variable thickress are
angayzed.

The second part of the paper analyzes the results of e -periants on ice

crust strength. Thse crusts are formed as a result of ice freezing in polynia-

bath. Major differences betwen key and plate strength problem are discussed

here.

Short remarks, cornownLn the possible applicaticn of above uwtioned

pr lems in analysis of artificial ice cover strength increase and the reverse
prablem of its destruction are given here.

Mdel problem of plate and beam with upper reinf-cezen are considered in

this aspect.
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Gas hydrates are icelike crystal ccrds formed fr•a gases and water at
certain thentmdn amic cotiditicrs and reseailing snow or firm ice. The crystal
lattice of them ccuans consists of water molecules whic are hydrogen Im
to each other. Gas molecules are included into lattice cavities and interact with

it under the influence of Van der Waals forces. in the absen of gas molecules

the lattice is thermodynamically metastable in contrast to a crystal lattice of
ice.

Similarity of ice and gas hydrates structures allows to coqpare their

physical ard-mechanical prcperties including mechanical and adesive ones.

Hydrate adhsion is of great practical interest. Hydrate formation on pipe
walls in the systems of production and transport of natural gas reduxcs the
pipeline capacity up to a ccmplete stoppage of gas supply. To develp methods
prewriting hydrate formation one must know the adhesion strength of a hydrate-

substrate bond.
In the repor the ice and hydrate adsion strength was determined with the

help of the emperinental set made in two modifications. In the first one the
eternal force required for breaking the adhesion bI-d is induce by electric
current thra•gh an inductance coil with a core being rigidly linked to a

substrate. In the seond one the breaking off force was produe by the drcp of

gas pressure on the piston cancted with a substrate.

dydrates of a natural gas, freon-12, ard tr furan aid ice obtained
frcn the distilled water were studied. Sanples made of steel, duralumin, and
polytetrafluoroethylene were use as a substrate. A surface finish class and
interfacial angle were determine for each sanple.
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Ecpiumenal data sho" that the sion strenth of ice in the taYperatuye

rarxj 253-373 K grows with teaperature •easix for hydrophlic surfaces (steel,

&aliin) and practically does nort d•ane for hydrophobic arm

(polytetrafluoroethylenm). The adhesion strength of ice for steel and d-ralbuin

is much higher than that for polytetraflulroethylais. 7hu ice-

pi aluyer systema in the t et rane oidered is

daracterized by the adhesion type of breaking, whdle for the ice-steel system at

certain t eat the transition from the a ion to the coheion type of

breain is diserved.

Exerimentsshowed that tm rat dence of the hydrate a sion

strength is similar to that of ice, i.e. the sion strenth grows with

temperature decrease for hydkrchilic surfaces and practically does not cange for

oi es. 7he adhesion strenth of hydrates ccuidered is almost

I Pe1--tof a gas molecule type.

7he adhesion strength of hydrates was evaluated on the basis of the theory

of uoleular interaction and Griffith theory of Lkacture.

special experiments were carried out to compare acoustical properties of
porous media saturated with ice and gas hydrates. Mhee types of samples were

tested: sands of particle diameter in the range 0,15-0, 30x103m and in the range

of 1,5-2, OxlO0m; silicagel of average pore diameter 85,5A and particle diameter

1,0-2, OxlOa. 7he results reveal the clear influec of water content and

taeatre on velocity and danping of acoustic waves propagating through the

samples. 7he temperature difference between water-ice phase transition and

reaction of clathrate formation is about 10K. Acoustic wave velocity of sand

saturated with gas clathrate is 3-4 ti of that saturated with gas and water.
7he effect is intensified with increasing of water saturation.

Mhe results of experiments with silicagel samples were quite different. 7he
increase of velocity was not more than 30% though the temperature was lowered dn

to 262K. It is explained by the presence of strongly bonded water in very small
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The ice cover swimling on the horizontal arface of ocean is ccmidmied.

7fe ice cover cosists of ice-fla. with various form, gece.trical scale and

safety proezrties. Ihe typical horizontal scale of ice-flw is m less than

)hz a scale of investigati, phenmenmon. It is maposed that ice flow on
the sauface of ocean is even and its relative velocities are mall, so ice cover

my be omsidered as ctirxm media with viscour-elastic-plastic properties.
7he plastic properties are bound up with irreversible diwaqes of ice cover that
are conditioned by destruction of ice-flaws.

Two forms of ice-flow interaction may be considered before humdockrM:
1) collisions and 2) mutual pressing and friction in places of contacts. The
first kind of interaction is realized when each ice-fl1w may now in its
nei•borhocd without collision with other flows. ¶he second kind of interacticra
have place when ice flows can't move without change of disposition of other ice-
flow. In the first case we say that ice cover is in a diffuse state and in the
secod case in a coqpact state. Mhe dwqe from the first to seco•d state is

realized by compression deformations.

it is suppxoed that the ccmpactes Al is being when diffuse ice cover with

r g -I umsA (muller than Al) dcanges in compact state. Hmmvxdd•r my be

realized if A=A2 (greater than Al).

In the presentation the break solutions are investigated. The prcblh.
about collisions of two ice cover field with various - with each other

and ice cover field with rigid walls are considered. 7he pressure of ice cover

on the wall is defined in -e erenme on drift velocity and q.
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Thispaper deals with developing a slmulaticm of defo ti n fracture

of the ice o around the structure when aspect ratio is high, i.e. a width of

the structure is much larger than the ice thickness, so the plane stress condnition

can be used to investigate the stress distribution in an ice around the structure.

7he ice is simulated as an elastic-brittle material and the modified

Cularb-3rtheory is used to describe crushing of ice field. This scheme allows

to describe both the fracture of ice by tear and shear. The model of ice field

described above was used in the finite-differerne program SHEE~pN which was

developed during 1985-1988 at LPI. The main advantage of SKP-M over the

exisingFEK programs MAW,, ADINA, MM) used by Western spcalists to studiy
the ice-structure interaction is in the dynamic approac that allows to simulate

the fast propagation of the cracks in an ice sheet. During the last years the

progra has been used in about 400 rnmerical experiimits. 7he ocAr

experq mnts have been performe by BC-1060 and IEN PC AT. fhe ice force has bee

calculated by dispaen loading. The force-tiumcurve and the fractured zone

dve nt and puzres of normal and shear stresses acting onto the structure has

been received in each of the numerical experiments. It has been shwm that the

ice forc anplitude depends essentially on the ice strength propeities (the angle

of the internal friction and the St/Sc ratio).

In these investigaticns the influence of the following factors has been

studied:

- Structure cross section. The circular, octagonal, square and rectangular

strutures have been studied.

- Boundary conditions. The two kinds of boundary condition at the ice-

structure contact have been sinulated - the stiff boundary (the structure
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is frm in the ice iet) and the free Iidary (the frIctim be!i

the ice ard the stuue is absentt).

- ,mueoiLng of the ice thid:s iear the stixcwet (ice oma ihape and

size). Three different ice coes have Ve-n studited: h-It (ice c is

absent), h - hO(1+1/r) (shallow ice coam), h - WO(1-1/r') (steep ice
Corm).-

- Ad eing ice strength. lhe adfroming ice strdet has bean ecribed
by QCom1 a-Mw equatim too. So the tear and shear adfreezin streý
of ite was taken into acwunt.

The ice frces acting ito the mmocorm strutures frozue - in to an ice

shoet has bean stuied too.
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Ice-creep instability is a well-knwn exale of ice-sht instability, and

there are a variety of other ice properties that lead to mistability. But ice

sheets interact with their envirorment - the atmosphere, ocean and lithosphere -

and it is the interaction that leads to a raw variety of instabilities in both the

ice sheets and emvireamnt. 7be entire dynamic systems coupling and comprising

the ice sheets with the atmhu ere or/and ocean or/and litbosphere are crcaidered

to study mechaniss of instability.

Pl an ice sheet interacting with the atI & 4re, a "cubic" crve and a
"ap surface of ice-sheet equilibria is faozd in perfect-plasticity shallow-ice

ajprvndation. The instability puts limits an the ice-sheet dimension. It is
shown that an advanced ice sheet can be stabilized only at the very large

dimension. Polar ice sheets (e.g. the Antarctic Ice Sheet and former arctic Ice
Sheets) aren't stabilized until they reach the ocean and are transfo into

eithe marine ice sheets or marine ice sheet/ice shelf system (arine ice

system). But interaction with the ocean does not stabilize the advance but

causes a new- marine mechanism of instability which leads to a fast collapse of

marine ice sheets and marine ice system.

A marine ice system is a single dynamic system while its mebers - grounded

ice sheets, floating ice shelves and transitional zones - are different in term
of dynamics. 7he dynamics of grounded ice sheets is controlled by shear stresses

while lonitudial stresses are small; on the contrary, the dynamics of floating
ice shelves is controlled by longitudinal stresses while shear stresses are mall;

the ice sheets and ice shelves are cornncted by transitional zoues (ice stream)

where both the shear and lorgitudinal stresses are cmqzarable. 7he dynamic
differences result in morphologic ones: longitudinal profile of the ice sheets

is convex; it becomes concave within the transitional zones (the inflection line
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my be adot as a oenrwticural bory betwen the ice sheets and transitional

zcz); the ice Abelves are neirly flat.

7he mechncs of the mmbers of marine ice systems as a whole is ccxidered

in perfect-plasticity shallp-ice - romtion. 7he transitional zons are
treated as "wmak."

Iwwever, instability of ice sheets is not only "destructive" but it my be

"creative,W if the instability results in synergetic effects and le to self-

rganization of regular spatial strbce within and ice sheets. FPor exaqle,

the instability caused by the erosional interaction of ice sheets with their beds

gives a natural mechanism for self-organiztion of ice streams within ice sheets

and large-scale linear forms (coastal fjords and submarine trohs) within eir

beds.

7he model of eroding ice sheet/eroded beds is considered in viscous shallw-
ice a •oiotion.

Glacial instabilities discussed here is a convenient tool to explain the

cermzoic ice-sheet variations and global-climate changes.
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Discovering ccomercial oil and gas reserves on the Arctic cm tiwnea1 shelf
cal s for the develcpomt of offshore drilling platform and epment designed
for operation in the hostile r with short ice-free period.. A
c1idderable amumnt of predicted hrcru reserves in the Arctic wsas is
attibuted to shallow water areas where the use of floating drilling units and

fixed platforms is most difficult due to the deep draft during transportation.
Under this t the .st practicable way is to use ice island strucues,
particularly at an early stage of exploration. They are constructed using
artificial ice generated by either volume or layer by layer seawater freezing on
the prepared founxdation or using varicus cumbinaticns of artificial and natural
ice with foreign aditives (fillers). 7he sele&tion of the -- taution procedure
is deuendent on the site of construction, tperature cnditions in the region,
and the availability of particular types of ice.

The world e~qerience in construction and operation of artificial ice islands
so that a number of important problems exist. These are: ensuring the rate

of freezing required for the successful construction and operation of artificial
ice islands; generating large amounts of high-strength momnlithic ice for the
structure body with certain physical and uscianical proper tes and eswring its
resitanc to all the external loads so that the artificial island =cd operate
as a foundation for exploration drilling. ho Vwnneftegaz, Mscow, has
ocax uctdi large-scale exper ients on the fast ice of the Kara Sea with a view to
define practical ways -f generating large ice nionoliths (up to 3 million z?) by
seawater freezing (salinity of 34-35), whihd is the principal and za-at complicated

problem. 7he other objective of the experiments was to test existing theories and
to finalize the development of procedure of ice island covitruction. The

r mtrUction WS performed by sprkling seawater according to a pre-set cell
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layout with the brine flwing down inclined side surface of the celIs. Th
procedur was tested under various corditions, nimely at various anqles of nozzle

iclbination to the horizcmtal, with various number of nozzles and their cutlet

Aimtors and with various values of water head, air t--_erature, and wind spee

and direction. Ice-generated procedure was tested alongside with studtying

ph~ysical and imechanical prcperties and thermodynamic b~iavior of generated ice

lbs results of field eqxeriments and thortia investigations helped to

produce guid~elines for ice island constructicn, and to define problem rseyiring
further investigations.
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lis presentation presents a method for predictirq probailistic ice forces

on offshore structues. It discusses the develcpient of probabilistic
distributions from envirmeintal data, and the formnlas %hich are used to oampute

the ice forces. For one type of ice feature, many forces are calculated and a

probabilIty is assigned to each force to obtain the probability distribution. A

method is developed for combining ice force distributions for more than one type

of ice feature.

7he return period of a force is defined and the selection of its design

value is discussed. The probability of exceeding the force in the time period,

such as the life of the structure, is considered. Future developments are

discussed with eaphasis on obtained better ice data.
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Men ice is loaded in cxmpression, a variety of behaviors may co•ur. At

very 1w rates, def-rmation is without cracking and apears dminated by
rIcIlytallization. As the loading rate is increased, the ice exhibits macm

cracking, and the stress-strain curve shows a clear peak. This peak apparently
arises from the cracking activity. After the peak, the stress decreases to a

plateau value an in this portion of the stress-strain curve, efrmation is agan

due to recrystallization. As the strain rate is increased further, the sample

will fail catastrophically as a result of cracking activity. Quite how the

failure occurs is not clear, but three mehanism of brittle coipressive failure

have traditionally been identified in the rock mechanic literature: axial

splitting, shear faulting, and cataclasis.

Recent work in the ice literature has concentrated on the Wing Crack model
put forward by Ashby and Hallan (1986), and has attempted to describe the failure

process as being due to stable propagation of wing cracks. However, at least two

other possibilities nust be considered. One is that wing crack my indeed cause
failure, but by an unstable Lxack propagation mechanism. lhe second is that

rather than wing cracks causing the failure, the initiation of now cracks into the

aggregate my give rise to a catastropic reduction in stress. Also, models to

date have failed to identify clearly the actual medmanism by which instability

occurs.

This paper will present three possible models for brittle coapressive

failure in ice. 7he limitations of each of the three models will be discussed,
along with the implications of their respective functionality. Given then the
behavior being modelled is brittle, some degrees of scatter is to be expected in

any experimental results, and the nature of this scatter will be considered.
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'Thcor reumlts wkdda are available in the literatur, will be discussed in the light
of ther models, alaq with m rresults btained by the authkr. It will be seen
that • of the existing models describe the available data ooxpletely, at least
in part because insufficient informaticn an *.he failure of each aumple (i.e.
ii~ietr splitting, shear faulting, or cataclasis oocurred) is available.
Tireobia� in which future work might prove fruitful will be indicated.
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A sea ice dynamics model based on an elastic plastic constitutive law is

rviaswed. Ice condition is described by the thidc ssdistribt . Str th is
timiated by balacing, the rate of work done by stress during deforution with the

power dissipated by the smal scale energy sinks: gravitational potential enezy
increases, frictional sliding, and shearing. The specific choices of yield

surface, flow rule, and mcanical redistribition are justified by referene to

the literature. 7he model is designed to describe and forecast ice behavior over

periods of about a week. Changes in ice velocity, deformation, stress, and ice

r dnition are described. These variables, although averaged over tern of

kilometers, provide valuable information to designers and operators of offshore

structures since ice strength limits the force that can be applied to a structure.

Nthenatical dbracteristics are examired to help understand the large-scale
lead patterns observed throiout the Arctic, especially where ice is forced

through straits and other restrictions. The metals and soil mechanics literature

crntains numerous discussicns of plasticity models and the importance of

characteristic directions or slip lines for describing discrtiradties in the

deformation field. Polar literature now also contains several similar references.

7te quasi-steady ice dynamics model is hyperbolic, parabolic, or elliptic

depending on the yield surface shape and stress state. Mien hyperbolic, two real

characteristic directions exist, across which traction can be disc--tinoxus.

Velocity characteristics coincide with stress characteristics if an associative

flow rule is used, but may be inder. dent if a non-associative flow rule is used.

lbe present work explores more thoroughly the model behavior associated with the

diaracteristics in an atteupt to learn if they can really be expected to describe

the observed lead patterns. Of interest are directions along whicI leads form and

the deformation of existing leads. The latter topic is of special interest when

pairs of rectilinear leads co-exist.
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7he different possible relaticswhi b beteen observed lead patterns and

carmcter stics are exahined. several different ewplanatimw are evaluated: (i)
le form and deform along stress daracteristics; (ii) leads farm strew

drstica and deform alcng velocity diaracteristics; (iii) le form alaq

stress characteristics and deform along directions of maxim=opening; and (iv)
i -tesectirq leads frm qly, rather than in pairs alaq the tw

actistic directions. ~�e possibility that lead patterns are not related to

mUt atical diaracteristim is also •ocsidered. Wile cur present uderstanding
suggests that (iii) provides the "ost likely explanation, more data are needed to
mabstantiate the colclusion.

Several special cases are considered: flow around an oIucticn, arching
aoss a strait, and shearing along a coastline. In the future, data available
from satellite iagery will be most useful. Sequential images must be analyzed
to determi n•uhe leads formed and how they deformed.
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Mere present in significant r•ubers, icebergs dominate the design of fixed

offshore platform. Such is the case on the rwad Banks of Nwewfoundland %here a

large gravity based platform has been nmwidered for production at the Hibernia

Oil Field.

A substantial amount of information is available about the physical

prceerties of icebergs. Less infoTmation exists about the pressure and forces

that my result fron their collisions with offshore platforms. Very little can

be found as to haw to aply the icebexg iipact pressures and forces for local and

global design of the platform.

'7he author presents of omprehwisive review of the procedu:es for iceberg

loading calaulation and application. He also adesses: (a) the key differences

between icebergs and sea ice; (b) the iceberg data and inpact load algorithms

needed to establish design criteria; and (c) possibilities for further reduction

of the present coaservatism in the iceberg loading criteria.
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The problem of dynamical crack cpagaticn in ice coer (whi•hi is assumd

to b• a --- x-merous elastic plate) differs from the classical problem of fracture

Imcianics in certain features. First, it is ity, i.e. the action of

forceis bending the ice cover is tratsferred to its distant areas not only by the

bnding waves moving along the plate, but also by the waves in water. This fact

cnsiderably influences on the mathantical fornilation of the problem:

diff erqenti equations of dynamical berdiMg of a plate, contacting with water, are

transformed to a convolution-type equation (which makes its solution tore

difficult). That is why in this paper we shall first consider the

problem of a nrmal moving force. Irnidentally, solving this problm helps to
find out feasible one of sinplificatiom in the descriptioa of plate-water
interaction.

Secondly, the problem under cnsideration is characterized by critical

velocity (i.e. velocity of movement of normal force and crack propagation) which

is very little as compared to orrepding critical velocity of crack in elastic

medium (usually it is Rayleigh's 'eaves velocity). The moving load irAucs waves

carrying energy away "to infinity" if the velocity is greater than the critical

cne. In this case (in contrast to under-critical range) only a part of energy is

spent on fracture (flowing down a crack tip), another part is radiated by the

waves mentioned above. 7he power of this radiation is to be included in

correlation between load intensity, velocity, and location of a stack with respect

to the load.

All these aspects of the problem are considered.
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Vadels that are being developed to predict the behavior of ma ice duing
ice-ice and ice-stxbtre interaction require informtion on the mechanical
proerties of the ice. 7he level of detail rncessary in the constitutive
d iton of the behavior of the ice still remains a question. In other wod,
do w (or can we) inchzpora t the models developed to describe the mical

PC observed in 10-au laboratory test specimens directly into the larger-
scale models designed to predict the failure of ice sheets? Probably not, since

this level of detail would result in interaction models that are too cumbersm
to be useful, practically. We still need to understand the small-wxlle prnosmsam,

hciver, in order to define the variables of primry importance in ontrolling the
behavior of the ice.

This presentation will focus on laboratory work that has been done to
determine the small-scale material properties of sea ice as a function of ice

tucbWe', t eature, loading rate, and state of loading. Tchnicqus for
perFom uniaxial oxm-ression and tension and confined canpression tests on

10.2-me-diameter, 25.4-cm-long cylindrical test specimens will be described alon

with the combined results from these various test prowrauu. I will also describe
test facilities that are being established to permit laboratory testing of 1-m-
acale ice blocks in compression and bending. MTese blocks will be loaded in situ

and, hence, will have a te-perature gradient representative of ice in the field.
We plan to model the loading behavior of these blocks using data from small-scale

material property tests. 7his effort will serve as an intermediate step toaaard
relating the insight we have gained from the material property tests to the field
scale interaction events.
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fhe experience that has been accmulated so far in the solution of practical

ice technic problems shows clearly that the main role in this still belcong to

euperimental methods of research. Miis is largely accounted for by the fact, that

ice, particularly sea ice, is still a - g the less stiudied media and may be

dac rizec as a material widely varying its physical properties with variation

of numerus external factors. It presents cosiderable difficulties in buildirq

UP theoretical models wich would describe the diversity of ice reactions to

external loadimjs.

Cn the other hand, the possibilities of full-scale experiments in ice

cx ditions are strongly limited by heavy expenses to prepare and conduict them,

rather poor info'mtivity of the results obtained due to a random dcaracter of ice

situation in the test area, considerable technical and ecological risk, especially

in cases when experimental sauples of transportation means, offshore floating or

statiomary strnutures are investigated.

With the advent of rxw types of physical lbatories - ice model basins

(ae than 20 in the world now), of which the ice basin of the Arctic and

Antarctic Institute, USSR, was the first (1955), wide opportunities have been

opened for modelling of real ice conlitions and proupt fulfillment of orders by

Sand hydrotechnical industries on the basis of data obtained froa

syst, tic experiments with models of structures to be operated in ice covered

water areas.

The ice model basin of the Krylov ship Research Institute (length 45 m,
breadth 6 m, and depth 1.7 m), where investigaticr. of technical problems ere

started in 1987, only slightly differs from similar facilities in other countries,

but owir to a broad variety of dynamcmeter devices used in experiments provides
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a in for carrying cut tests in varicus ice codition (Leve ice, ice dcraul,

broken ice, ridges) inclxudng:

- twming and self propelled model tests for ice breakers and ice;
- stresgthawl ship.;
- towing tests of model offshore structures;
- MiaS.' 0 1- t of S - cdaracteristics in open water mode of

qperatinu in clear water, near an ice plans on free surface and in milling

regime of interaction with ice blocks;

- ice loads estimates for screw blades, shafting system and bl -turnig

manim of omtrollable pitch propeller;
- investigations of static and dynamic methods of ice d un by air -

cushion vehicles and platforms.

Scalig from model experiments to full size conditions presents some

difficulties due to the fact that so far it has been impossible for model basins
to develop modelled ice with all physical and medcanical properties satisfying the

similarity criteria for the processes under study. Miis problem dmands serious

•ideration and cooperative efforts of specialists of ice research centers as

wol as collection of reliable full-scale information.
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Polycrystalline ice, a naturally occurring geomaterial, is of considerable

interest in ocean engineering applications involving the iadentatio nd

penetration of structures and the use of ice as a structural material. Since the

material is present in nature at taieratures very close to its malting point,

terrestrial ice displays a highly rate and -e--erature sensitive behavior, more
generally called creep. Ice also cracks easily under moderate to high rates of

loading and is said to display quasi-brittle behavior. The trarnition from

&=otile (creep) to brittle behavior represents an iuportant condition in

engineering applications. Prediction of ice behavior within the ductile-to-

brittle transition requires constitutive theories to describe the deformation

(stress-strain) behavior of the material at laboratory-scale; and analyses uhich

can be used to predict field-scale processes via numerical simulations.

This talk will present newly developed constitutive theories for the

transient (time-deperdent) creep and purely brittle behavior of ice. The

transient creep theory is physically based, but phenomenological, uses internal

state variables to model the evolution of the materials's nicrostructre during

deformation, describes texture n=and stress-jidced anisotropy under multiaxial

states, and has been extensively verified against experimntal data. On the other

hand, the brittle behavior of ice, xhidch is dominated by the nucleation (not

prIpagation) of cracks, is described via a microstructurally based constitutive

theory. The elastic anisotropy of the constituent crystals in a polycrystalline

aggregate is the principal mechanism responsible for crack nucleation. The crack

nuileation theory is used, in turn, to predict the ation of damage with

loading and the associated (macroscopic) defonation behavior of ice, accoumting

for ailtiaxial and loading-history effects.

The talk concludes by presenting a finite element foriulation for analyzing

ice indentation involving transient creep as well as results from numerical

simulations uhich consider problems of increasing cxmplexity.
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2iis report deals with investigations that have been carried out at

lefdxrrad State Technical University (L91T and devoted mostly to ice loads on

offshre structures and partly to ice prcperties.

1. SnUDUM OF IAYERED MEDIA SAMPLES UNE UIAXIAL CXMW!SSICI

(Prof. Zvolinsky, N.V. - Inst. for Problems in MeAnics, Prof. Shkhinek,

K.N. - LSIJ).

Two dimensional soluticn has been found for cIzpressed layered media

samples. MTs media consists of thin elastic-brittle layers and extremely fine

soft material between them.

Pactangular samples of this material is placed between press plates. It is

assumed that sample's hutt-ends are fixed to the plates and can't slide relatively

them in horizontal plans. Lateral surfaces of sample are free from stresses.

This solution has dw Iostrated that stresses in this sample are distributed uost

irregularly. Irregularity depends on the prcperties of layers, their angle of

inclination, and sample's length-width ratio.

Strength-angle of inclination ratio is similar to that described in Payton's

investigation.

2. ICE CIVER INFLUENCE CN ADDED MASSES OF CSCIILATIN BCDY

(Dr. Bolshov, A.S., Dr. Matskevich, D.G., Prof. okhinek, K.N., LSIU)

Theoretical and experimental investigations resulted in elaboration of the

method for calculation of added masses of bodies, oscillation under broken ice

cover. It has been shown that if we know coinection betwn added masses and
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fr11o ýy of oscillating in the absence of ice cover, it is possible to determine

addld msasm with the presence of brdocen ice.

3. ICE LADS CHN A SYSM OF PILES M WM LEVE CHANGS
(Dr. Matskevich, D.G., Prof. -Skhinek, K.N., LMTU).

Kerr's solution for load acting on a single pile is wall krxn. Howwr,

the solution is inadequate for the system of piles, as load carwot be calculated

by simple saulation of Kerr's solution for each of the piles, becm distortion

of boundary onditions. Our aproach was based on the idea of itio

deviation from exact boundazry conditions. As a result solutions for the two-,

three-, faur-pile system were obtained.

4. P TICAL SPUMOATCN OF ICE - VERTICAL PILE INTEOACTIM

(Dr. Matskevich, D.G., Prof. Skhinek, K.N., IM

It has developed athematical model of ice - vertical pile interaction. Ice

is to be an elastic-brittle material. computer program was developed for

investigation process of ice crushing around the structure and ice load changing

in a time.

lhe last time about 400 numerical experimnts for different cross-section

strucbtres, ice properties, and boundary conditions has been condcted.
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Tb study dynamic ice-structure on uring the crushinu failure of

ice, L-dentation tests were conducted by pushing a vertical, flat indentor into

the edges of floating ice sheets. Mhe indentor was suported on a movable

carriage by meaws of three load cells to measure interaction forces at the ice-

iTor interface. %he displacements of the carriage and the intor were

ratly. he inentor displacement relative to the carriage and

provided couprehensive data on tht dynamic ice-structure interaction during

crushing failure of an ice sheet. Three basic moes of ice behavior were

observed: creep deformation at low velocities, intermittent crushing at

intermediate velocities, and continuous crushing at high velocities. Based on

these measurents, a theoretical model is proposed whtich produces results similar

to those of the experiments.

Because of the flexibility in tht structural su04rt system, the velocity

at which the ixdentor moved was riot always the same as that of the carriage. 7he

deperdInme of effective pressure on the indentor velocity was investigated because

the strain rate and the stress rate at a point in an ice sheet have a direct

relationship with the indentor velocity. The maximm effective pressures measured

at different indentor velocities were found to differ by a factor of 3 to 5; high

preres (8-13 MPa) were measured at low indentor velocities (<20ram s-1), and low

pressures (1.2-4.3 NPa) at high ide.ntor velocities (>100 m sO). The reduc•tio

in the effective pressure is believed to be caused by the change in failure mode

fron in-plane deformation at low velocity to cut-of-plane brittle failure at high

indntor velocity.

%he data from this study were also used to compute the energy exctanges that

take place during creep deformation and intermittent and continuous cnushing of

ice. 7he energy supplied by the carriage was partly stored in the structural
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spcinq, partly cor~werted to kinetic enrgy, partly dissipated in defarming and

extrtUir the ice, and partly dissipated as heat in the damping meswam of the

iust ure. xcePt for the heat dissipation, all other forms of energy were

cmaxted from the e rmental data, and the heat dissipation was computed frou

the energy balanc using the first law of thermodynamics. Plots of all forms of

enrgy will be shown in graphical form, in uhich their relative magnitudes, time

of occurrence, and interplay may be seen.

The main result of the energy exdiage study is the thesis that intermittent

crushIMr or ice-•indced vibration takes place whenever there is an imbalanc

betwen the rates of work done by the carriage and the indentor and that there are

no vibrations when these rates of work are equal.

The results of tests when intermittent crushing took place we analyzed to

obtain the frequency of intermittent crushing failure. From the experimental

results, a crrelaticn was obtained between the average distance travelled by an

ii ntioduring successive failure events and the maximun relative displacement

of the indenter with respect to the carriage during the loading phase of a cycle.

FraM this correlaticn, the freduency of intermittent crushing can be obtained in

ters of structural stiffness, ice velocity, effective pressure, indentor width,

and ice thickness.
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FMIED OF PACK ICEV87REIM

Accurate meuments i situ ice stresses were obtained in the pack ice of

the eastern Arctic during the fall of 1988. Stresses were measured using biaxial

vibratirg wire sensors, these are cylirdrical instrumnts which the principal

stress cErIxxwets an the directions are determlned Er , the resonant vibration

frequencies of the wires. At one site about 200 m from the edge of a large

multiyear floe, three sensors were installed at f-different depths to exmine the

vertical distribition of stresses within the ice. At another site, two seors

were installed at shallow depths in the multiyear floe near a freezing lead with

an additional sensor in the first-year ice. Stresses in the multiyear ice far

from the edge of the floe reached 15OkPa during extrem deformation events. Near
the edge and in first-year ice, they exceeded 350kPa on several occasior1 (400 kPa

in one instance) when the ice failed very near the sensors. 7hermally irxtxed

stresses at shallow depths in the multiyear ice were caused by rapid taerature

changes and could be nearly as large as stresses oerved during deformat .

Often, the stresses at depth during these thermal events were of ogposite sign to

thse near the surface. The vertical distrikution of stresses varied with the

type of deformation event, but the largest values were always observed in the

uwer half of the ice sheet. Stresses due to deformation were rapidly attewated

away from the edge of the floe. Near the edge, however, recorded stresses agreed

well with thase observed in the adjacent first-year ice. The sensor located in

the first-year ice also experienced twice daily oscillations of about 50 kPa which

are apparently tidal or inertially irduced. Measurements of local ice motion with

the radar tr M&Pcider system allowed caxparison of the stresses to the local

strain field. Overall, there was very little agreement betwee stress and local

except during large devents.
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DIUNCIC ZI-FLEXDBE S9I'L33 INTERwCri PIORIED

All existing approaches to the process of dynamic ice-structureineato

are possible to describe the relaxation mode, whicdi cosists of static loading

pase and the movent in the crushed zcm. But in the harmnic mode with high

relative velocities all this approaches are not so useful.

Som results of theoretical and model researirs in cornection with the

analysis of existing data on dynamic interaction are presented. The now function

of ice resistance makes it possible to analyze not only relaxation, but also the

harmdnc mode in terms of self-excited vibrations theory. Uhe were developed
some theoretical and experimental results for the case of prevailing frequency

(une natural mode). An approach to the more complex analysis of real structures

using the model is discussed.

After Maattanen (1977, 1981, 1984), who conected the possibility of self-

excited vibrations oconrence with the rrna-linear dpendence of the ice umianical

properties on the relative ice-structure velocity there appeared some attjmpts to

present the ice resistance as a partly linear function of relative ice-structure

velocity (Ranta, Raty, 1983; Toyama etal. 1983) or as a t.nuction of velocity and

tim (Karna, Tuauruen 1989).

There are some approaches to explain the phenomeno of ice-indie

vibation: see, for example, the last ones - Eranti (1990); Wang, )Cu (1990), Xu,

Wang (1990), Sodhi, Nakazawa (1990), Karna, Uhcunen (1990); etc. This problem is

under research and discussions more than 20 years, but there is no valid and clear

explanation of the nature of this phenamr. In this article authors make an

attempt to develop the model that gives loading tim history using self-vibraticins

theory applied to flexible structure model.
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General wr e •:rked out earlier by the first t auths

(Vwrdnin, Iliady 1990). In this wor=k the teisoy is completely uodiffed using

ran-deetunis aproa.di

7he ramerical nodel of the process was developed and comuter siulaUtnws

with different model parameters wee held. 7he results we coqxrui with

experi t cl data of strý e m .dellir and real str- s bdhavia in ice

canditions.
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ICE L ON € 8UWTUR - A CAM OTI]Y

Ihe Alaskan Berirq Sea covers a large area with latib betmen 55 N and

65 N, off the west coast of Alaska. Most Berirn Sea locations are in mbarctic

regions. Due to frequent rafting of sheet ice, the rafted ice in a number of

Bering Sea locations can reach a total thidkess of over 15 meters. Anmal ice

rides with a total thickness of over 20 meters have also been observed. The ice

r, ditior. in many Bering Sea regions are similar to those around Sakhalin Island

off the Pacific coast of the Soviet Union. In the mid-eighties, Emxm carried out

a number of studies on the envirormental conditions of the Bering Sea. Ice

cmwditiLcz, ice properties, and ice moveaent rates were carefully investigated for

several regions.

In addition, model test data were processed to examine the accuracy of

various ice load -c-putation formulas for offshore structures. Random variables

were then selected to represent environmental parameters and the differences

between the measured and calculated forces. Based on enviromental and model test

data, a computer simulation program was developed to estimate rare ice loads for

strucures located in certain areas of the Bering Sea. In addition to providing

estimates to rare ice loads, the simulation program was also useful for assessing

the sensitivity of ice loads to various ice and structure input parameters.
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Quantification of the properties of large areas of pack ice cannot be
aeatly resolved by direct o verations alone. Yet, at present, remote sensing

data provides only indirect information on the fa properti and
processes that are needed to characterize a sea ice and its internal mcanical
interactions as well as its external interactions with the atmosphere and ocean.
Efforts to deal with this problem are smnarized. Current approaches utilize buoy
and satellite data to monitor ice and meteorological condlitions. Mhi information
can be used to drive ice growth and ice property models that produce thickness

distributions; sea ice salinity, taeperature and brine volium profiles; and
ultimately property profiles and composite characteristics. Exaples of such
procedures are presented using tensile strength and elastic modulus. Capabilities
of the Alaska SAR Facility in contributing ge*rysical data useful in dealing with

this general problem via the use of automated analysis procedures are described.
Current problem areas remaining are related to variations in the amounts of frazil
and gongelation ice, the effects of crystal aligrnents, uncertainties in ice
thickness resulting from snow cover variations, and inadequate information on how

to redistribute ice deformed during ridging events.
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X. APPENDIX

M'MORANDUM

A memorandum concerning cooperation

on research in Ice Mechanics and Its

Applications for consideration for

incorporation in the cooperative

agreement under discussion between

the U.S.S.R. Academy of Sciences and

the U.S. National Academy of Sciences

The First Soviet-American Workshop on Ice Mechanics and Its

Applications was held in June 1991 (16-26) in Moscow, U.S.S.R.

Representative Soviet and American delegations participated in

the Workshop presenting a total of 34 papers. A list of

participants is given in Appendix 1. The meeting was extremely

successful.

During the Workshop the question of furthering future

cooperation in ice mechanics and its applications between

interested Soviet and American scientists and organizations was

discussed. Taking into account the importance of the scientific

problems under consideration, the mutual interest in and the

benefits that would be derived from cooperative research in

several aspects of ice and ice cover mechanics including the

interaction of ice with structures, the members of the Workshop

suggest that future cooperative investigations and programs be

organized and that this organization take place within the

framework of the program for U.S.-U.S.S.R. cooperation in

scientific research on the level of the U.S. National AceAemy of

Sciences and U.S.S.R. Academy of Sciences. It is further

suggested that the U.S. National Science Foundation and U.S.S.R.

Academy of Sciences add the subject area of ice mechanics to its

approved list "Scientific Problems of the Arctic and the North"

that are considered as appropriate for U.S.-U.S.S.R. Cooperation

in the Field of Basic Scientific Research (NSF, 1991).

Possible forms for cooperative work between the U.S. and the

U.S.S.R. might include the following:

- regular workshops every two years with the meeting site

alternating between the two countries;



- joint research projects;

- joint field projects which might well accommodate several

research projects;

- exchange of scientific information and the preparation of

joint publications containing both original research and

overall summaries of the existing knowledge base;

- exchange of specialists to prepare plans and programs for

joint research, to carry out joint research, and to give

lectures;

- exchange of graduate and post-graduate students in

conjunction with coordinated research programs;

- support of the participation of specialists from both the

U.S.S.R. and the U.S. in national and international

scientific and engineering meetings on problems of the

mechanics of ice and ice covers; and

- provision of a mechanism to facilitate contractual research

between private companies, universities and- governmental

groups in one country with similar organisations in the other

country.

To advance the above objectives, the Workshop iebers

suggest that an Organizing Committee on Ice Mechanics anid \Its

Applications be established to coordinate the proposed program. ,

It is proposed that this group be composed of five members:.gpach\

from the U.S. and the U.S.S.R. with the nationality of the Iroup '-

chairman alternating at two years intervals.- The intension is- to

create certain subgroups of specialists in the different filds

of ice mechanics attached to the Organizing: Committee. It is

envisioned that the major programs carried out under the-auspices

of the Organizing Committee will be focused on specific research

directions and will be both proposed and implemented by small

groups of specialists.

Based on input from the Working Group members during the

next two months, the Organizing Committee is'-specifically charged

to prepare a preliminary description of a !variety of proposed

projects and programs that will then be-submitted jointly in

conjunction with the above organizational suggestions, to both

the U.S.S.R. Academy of Sciences and the U.S..Natiomal Academy of

Sciences for consideration at the next interacadgmy meeting.



We wish to emphasize that the following U.S.S.R. and U.S.

scientists and engineers can in no way guarantee either financial

or organizational support of the above proposal by their

respective governments. They can only request that each

government consider this proposal favorably.

Co-Chairmen of International Organizing Committee

of the First Soviet-American Workshop on the

Ice Mechanics and Its Applications

l.V.Frolov, Academician, W.F.Weeks, Member U.S.
Vice-President, U.S.S.R. National Academy of
Academy of Sciences Engineering,

47" Professor of Geophysics,
5 ~Geophysical Institute,

University of Alaska,
Fairbanks

D.M.Xlimov, G.F.N.Cox., Dr.,
Corresponding Member, Research Supervisor
U.S.S.R. Academy of Sciences, Offshore and Arctic Group,
Director, Institute for Amoco Production Company
Problems in Mechanics,
U.S.S.R. Academy of Sciences
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